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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  op  Hydrography, 
Washington,  D.  C,  June  i,  1902. 
Sir:  I  have  the  honor  to  transmit  herewith  a  paper  entitled  Irriga- 
tion Systems  of  Texas,  by  Thomas  U.  Taj^lor,  professor  of  civil  engi- 
neering at  the  University  of  Texas.  This  paper  contains  the  results 
of  field  work  carried  on  by  Professor  Taylor  through  several  years  in 
connection  with  the  measurement  of  the  principal  rivers  of  Texas  and 
the  investigation  of  the  best  methods  of  utilizing  the  water  resources 
of  the  State.  I  recommend  it  for  publication  in  the  series  of  pam- 
phlets on  Water  Supply  and  Irrigation. 

A  report  on  the  same  subject  was  prepared  in  1897  by  Mr.  William 
F.  HutBOQ,  and  printed  as  Paper  No.  13  of  this  series.  Since  that 
time  considerable  development  has  taken  place  in  the  utilization  of 
water  in  Texas,  and  the  ground  has  been  gone  over  with  greater 
thoroughness,  resulting  in  obtaining  a  larger  and  more  complete  pre- 
sentation of  the  subject. 

In  the  present  report  Professor  Taylor  has  discussed  the  princi- 
pal irrigation  s^'stems  in  general  geographic  order,  and  has  given  sta- 
tistics as  to  the  location,  cost,  and  benefits  of  the  devices  for  obtain- 
ing water.  He  has  also  devoted  some  attention  to  the  irrigation  of 
rice,  a  business  in  which  large  amounts  of  capital  are  being  invested. 
There  has  been  appended  a  brief  statement  of  the  laws  governing 
irrigation  in  the  State  of  Texas,  also  some  of  the  facts  obtained  from 
the  recent  census  investigation. 

Yours,  with  respect,  F.  11.  Newell, 

Hydrographer  in  Charge, 
Hon.  Charles  D.  Walcott, 

Director  United  States  Oeological  Svrvey. 

9 


IRRIGATION  SYSTEMS  OF  TEXAS. 


By  Thomas  U.  Taylor. 


INTRODirCTlOX. 

The  practice  of  irrigation  in  Texas  is  of  considerable  antiquity, 
especially  in  the  western  end  of  the  State,  along  the  Rio  Grande, 
where  the  early  Spanish  conquerors  established  settlements,  and  their 
descendants,  the  Mexicans,  have  maintained  possession  of  the  soil  for 
centuries.  At  San  Antonio  are  ditches  whose  origin  is  lost  in  local 
tradition,  having  probably  been  built  to  carry  water  to  the  grounds 
surrounding  the  missions.  It  is  only  in  comparatively  recent  years, 
however,  that  particular  attention  has  been  drawn  to  the  matter,  and 
the  importance  of  the  development  of  the  State  through  irrigation  has 
l)een  appreciated  by  the  public.  Already  agriculture  by  means  of  an 
artificial  supply  of  water  is  being  practiced  in  nearly  every  portion 
of  the  State,  the  greatest  increase  in  acreage  being  in  the  rice-growing 
districts  in  the  southeastern  quarter.  The  figures  obtained  at  the 
Eleventh  Census  (1889)  and  Twelfth  Census  (1899)  illustrate  the  rapid 
increase  in  acreage  and  the  wide  extent  to  which  irrigation  is  now 
employed. 

For  most  of  the  land  water  is  obtained  by  gravity  systems  of  ditches — 
that  is  to  say,  by  means  of  channels  through  which  the  water  flows  from 
some  source  at  a  higher  elevation.  In  many  places,  however,  it  is  impos- 
sible to  bring  water  to  the  surface  of  the  ground  in  this  way,  and  it 
must  be  lifted  or  pumi>ed  by  some  mechanical  device.  For  this  pur- 
pose windmills  are  most  commonly  used.  West  of  the  one-hundredth 
meridian  north  of  San  Antonio  the  cattle  country  of  Texas  stretches 
almost  unbroken  for  from  200  to  500  miles.  To  supply  water  for  the 
ranches  which  do  not  border  on  or  include  a  flowing  stream  the  wind- 
mill has  become  a  most  potent  factor.  In  addition,  a  few  localities, 
like  oases,  have  everlasting  springs  that  rise  with  surprising  sudden- 
ness either  from  the  foothills  or  from  the  baked  prairies.  These  are 
in  nearly  all  cases  utilized  to  convert  the  otherwise  unproductive  soil 
into  crop-bearing  farms.  While  the  old  Mexican  methods  of  irriga- 
tion are  still  in  use  in  many  localities,  with  their  consequent  waste  of 
water,  they  have  been  accompanied  by  few  disapjiointments  or  heart- 
burnings. 
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Irrijj^ation  in  Texas  has  not  escaped  the  booming  influence*  of  the 
land  agent  or  the  subtle  i)romoter.  Nearlj'  every  county  in  the  west- 
ern part  of  the  State  through  which  flowing  streams  course  their  wa^' 
has  on  its  maps  the  sinuous  tracings  of  irrigation  syst-cms,  while  the 
secretary  of  state  has  issued  hundreds  of  charters  for  systems  that 
fortunately  got  no  further  than  the  charter  stage.  Some  of  the  pro- 
moters, however,  with  the  seductive  phrase  "modern  methods,"  have 
formed  companies,  constructed  canals  costing  hundreds  of  thousands 
of  dollars,  and  sold  lands,  upon  flattering  prospectuses,  to  honest  and 
would-be  settlers  without  the  slightest  data  of  the  availa\^le  water 
supply.  The  collapse  of  many  enterprises  and  the  loss  of  much 
money  have  made  the  public  timid,  with  the  result  that  two  amend- 
ments to  the  State  constitution,  which  carrie<l  with  them  permission 
to  bond  certain  districts,  have  been  overwhelmingly  defeated.  The 
first  was  prepared  in  1897,  and  under  its  terms  <?ertain  districts  could, 
by  a  majority  vote  of  the  landowners,  issue  bonds  for  the  purpose  of 
constructing  irrigation  systenvs.  The  second  amendment,  which  was 
voted  on  in  the  fall  of  1900,  carried  with  it  power  by  virtue  of  which 
the  i)eople  of  the  Wichita  and  adjacent  districts  could  issue  bonds  for 
the  purpose  of  constructing  an  immense  irrigation  system  in  the 
Wichita  Valley. 

With  suflicient  hydrographic  data,  however,  there  was  and  is  no 
occasion  for  disappointment;  but  obtaining  these  data  is  a  process 
entirely  too  slow  for  the  irrigation  agent,  the  promoter,  and  the  devel- 
oper, and  the  result  is  marked  by  wrecked  hopes  in  many  localities. 
The  year  1900,  a  very  w^et  one,  furnished  excellent  data  upon  which 
flattering  prospects  could  be  held  out  to  prospective  rice  farmers,  as 
all  streams,  bayous,  and  lakes  were  full  of  water  and  the  rainfall  w^as 
so  abundant  that  only  a  small  amount  of  artificial  watering  was 
required.  Result,  an  excellent  crop  of  rice,  a  large  part  of  which 
was  watered  by  Providence.  The  year  1901,  however,  was  a  striking 
contrast  to  1900,  for  there  was  no  good  soaking  rain  from  the  time  of 
the  Galveston  storm,  September  8, 1900,  until  the  latest  sowing  of  1901. 
The  coast  country  was  dry,  water  was  low,  and  new  canals  were 
untried.  No  two  years  could  emph^isize  more  clearly  the  need  of  cau- 
tion in  placing  dependence  ui)on  a  water  supply.  In  the  latter  year 
many  of  the  bayous  were  drawn  upon  for  an  amount  of  frcvsh  water 
that  so  lowered  their  surface  level  that  the  salt  water  of  the  lower  sec- 
tions backed  into  them  and  impregnated  the  supply.  To  counteract 
this,  at  some  places  dams  have  l^eeu  constructed  to  check  the  inflow 
of  sea  water. 

The  irrigation  systems  of  the  State  have  been  divided  into  the  fol- 
lowing groups:  (1)  The  trans-Pecos  systems;  (2)  the  Pecos  Valley 
systems;  (3)  the  Edwards  Plateau  sj'stems;  (4)  the  systems  at  San 
Antonio  and  vicinity;  (5)  the  systems  along  Lower  Nueces  River, 
Lower  Rio  Grande,  and  Leona  River;  (6)  the  Colorado  Valley  sys- 
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tems;  (7)  the  systems  north  of  Colorado  River;  and  (8)  the  rice  irri- 
gation systems. 

The  two  dry  yeare  of  1901  and  1902  have  called  attention  to  the 
necessity  of  irrigation  in  what  has  been  heretofore  called  middle 
Texas.  Farmers  are  realizing  the  efficiency  of  an  irrigation  system 
to  be  put  into  operation  when  the  rainfall  is  not  sufficient  for  agricul- 
tural purposes.  Slowly  irrigation  for  ordinary  crops  takes  its  way 
eastward  in  Texas.  It  is  now  on  the  Brazos,  and  another  dry  season 
will  take  it  to  the  Trinity  River. 

In  the  preparation  of  this  paper  valuable  assistance  has  been  ren- 
dered by  lister  G.  Bugl^e,  instructor  in  history  in  the  University  of 
Texas;  Willard  II.  Denis,  observer  at  Pecoa;  Judge  O.  W.  Williams, 
of  Fort  Stockton;  the  late  S.  C.  Dobbins,  civil  engineer,  and  T.  L. 
Smith,  civil  engineer,  of  Columbia.  The  writer  has  also  frequently 
consulted  Water-Supply  Paper  No.  13,  prepared  by  W.  F.  Ilutson. 

TRAN8-PECC>8  8YSTKM8. 

The  portion  of  the  State  west  of  Pecos  River  is  commonly  known 
as  trans-Pecos  Texas.  It  is  a  peculiar  country,  rough  and  moun- 
tainouSy  with  few  perennial  streams.  The  storm  waters  rush  out  upon 
the  lowlands  and  are  rapidly  absorbed  in  the  sandy  plains,  from  which 
the  mountains  rise  abruptly  as  isolated  peaks  or  ranges.  The  soil  of 
the  plains  is  of  remarkable  fertilit3%  and  when  watered  produces 
abundantly.  Irrigation  away  from  the  creeks,  however,  is  practicable 
only  by  means  of  storage  reservoirs  holding  the  storm  waters.  Reser- 
voir sites  occur  in  many  places,  and  several  of  them  have  been  mapped 
by  the  topographei's  of  the  Geological  Surve3\  Trans-Pecos  Texas  is 
bounded  on  the  west  and  south  by  the  Rio  Grande,  from  which  water 
is  at  present  taken  for  irrigation  mainly  in  the  vicinity  of  the  Big 
Bend.  The  following  irrigation  systems  occur  in  the  trans-Pecos 
region:  (1)  The  El  Paso  Valley  systems;  (2)  the  Toyah  Creek  sys- 
tems; {'})  the  Fort  Stockton  systems;  (4)  the  Santa  Lucia  systems; 
and  (5)  the  Big  Bend  systems. 

EL  PASO  VALLEY. 

Franklin  canal. — At  El  Paso  the  principal  canal  is  that  owned  by 
the  Franklin  Irrigation  Company.  It  was  begun  in  1889  and  com- 
pleted in  1891.  Later  the  affairs  of  the  company  were  placed  in  the 
hands  of  a  receiver,  and  the  property  was  bought  at  a  receiver's  sale 
by  Thomas  Worthington,  of  Manchester,  England,  the  trustee  for  the 
bondholders.  The  canal  begins  1  mile  northwest  of  El  Paso,  and  runs 
in  a  general  southeasterly  direction  for  20  miles.  (See  fig.  1.)  At 
the  beginning  its  width  is  30  feet,  but  it  gradually  diminishes  to  15 
feet  at  Fabens,  where  it  returns  to  the  Rio  Grande.  Water  is  diverted 
by  a  masonry  wing  dam  extending  diagonally  up  the  river  about  300 
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feet  and  about  halfway  across,  as 
shown  in  PI.  I.  The  original  cost 
was  approximately  1150,000,  and 
about  $70,0(X)  has  since  been  ex- 
pended for  protection  from  over- 
flows and  for  repairs.  The  water 
rights  under  the  new  management 
have  not  yet  been  issued.  The 
yearl}'  water  rental  was  $2  an  acre. 
The  canal  was  designed  to  cover 
30,000  aci-es.  During  1896,  3,000 
acres  were  irrigated  from  it,  but 
since  that  time  practically  no  land 
has  been  served  from  this  dit«h, 
on  account  of  lack  of  water  in  the 
Rio  Grande. 

Ysleta,  Socorro  y  a  fid-  San  Eliza' 
rio  ditches. — There  are  three  old 
Mexican  ditches  taken  from  the 
Rio  Grande  below  El  Paso,  on  the 
American  side,  on  grants  of  land 
made  to  the  inhabitants  of  Ysleta, 
Socorro,  and  San  Elizario,  capable 
of  irrigating  from  1,000  to  1,200 
acres  each.  (Seeflg.  1.)  The  ditch 
on  the  Ysleta  grant  was  taken  out 
of  the  Rio  Grande  alx)ut  3  miles 
south  of  the  present  station  of 
Ysleta  (not  the  old  town  of  Ysleta), 
and  continued  through  the  Socorro 
and  San  Elizario  gi*ants,  following 
the  banks  of  the  old  riverbed  after 
passing  the  present  station  of  San 
Elizario.  The  total  length  of  the 
main  acequia  was  about  10  miles, 
and  the  two  branches,  the  Acequia 
Littoral  and  the  Acequia  Madre, 
were  4  and  3  miles  long,  respec- 
tively. The  Acequia  del  Comal 
took  its  water  from  the  Rio  Grande 
about  15  miles  below  El  Paso,  on  the 
lower  part  of  the  Socorro  grant.  It 
followed  the  general  course  of  the 
river  for  2^  miles,  then  ran  almost 
due  east  for  3^  miles,  and  Anally 
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deflected  to  follow  the  banks  of  the  old  river  bed.  Its  total  length 
was  about  10  miles.  The  Aeequia  de  la  Cuadrilla  took  its  water 
from  the  Rio  Grande  2  miles  tolow  the  intake  of  the  Aeequia  del 
Comal.     Its  t>otal  length  was  about  9  miles. 

These  Mexican  ditches  are  capable  of  irrigating  about  3,000  acres, 
but  the  flow  of  the  Rio  Grande  at  El  Paso  has  been  so  unreliable  for 
several  yeai*s  that  it  was  impossible  to  base  any  calculations  upon  it. 
A  reliable  storage  reserv^oir  in  the  mountains  above  El  Paso  would 
serve  during  its  life  to  make  the  whole  El  Paso  Valley  on  both  sides 
of  the  river  for  30  miles  one  of  the  most  productive  countries  in  the 
world,  for  it  possesses  an  unrivaled  climate  and  is  capable  of  pro- 
ducing fruits  with  a  flavor  that  easily  commands  for  them  the  highest 
price  whei-ever  they. go.  The  total  area  on  the  American  side  that 
could  be  brought  into  active  production  would  l>e  not  less  than  40 
square  miles. 

Irrigation  has  been  practiced  here  probably  longer  than  in  any 
other  part  of  the  United  States.  The  old  Spanish  records  show  that 
when  this  pass  was  first  reached  by  the  exploring  party  of  Coronado, 
villages  of  Indians  were  found  on  the  Mexican  side,  on  the  site  of  the 
present  town  of  Jaurez,  and  on  the  American  side  at  Ysleta  and 
below.  These  Indians  had  a  system  of  irrigation  of  seeming  great 
antiquity,  which  has  been  followed  by  the  descendants  of  the  abo- 
rigines and  their  conquerors  for  three  hundred  and  fifty  years. 

During  the  spring  of  1897  the  lai-ge  canal  was  damaged  by  the  flood 
that  submerged  so  large  a  portion  of  the  town  of  El  Paso.  This  flood 
reached  its  greatest  height  on  Ma^'^  26,  and  quickly  subsided.  The 
banks  were  badly  cut,  and  in  some  places  the  canal  was  completely 
obliterated.  The  truck  gardens  and  orchards  near  the  city  were 
flooded  and  damaged,  a  layer  of  mud  about  3  inches  thick  being 
deposited  over  the  surface.  It  was  noticeable  that  while  most  trees 
withstood  the  flooding  comparatively  well,  the  peach  trees  were  almost 
uniformly  killed.  Fortunately  for  the  farmers  lower  down,  a  portion 
of  the  river  cut  for  itself  a  new  channel,  curving  inward,  crossing  the 
canal,  and  then  recrossing  it  at  the  last  point  at  which  the  banks  were 
damaged.  In  this  way  they  have  been  supplied  with  water  and  are 
able  to  save  their  crops,  which  otherwise  would  be  ruined. 

TOYAH    CREEK. 

Toyah  Creek  rises  in  ilatural  springs  about  40  miles  southwest  of 
Pecos.  These  springs  are  mainly  in  section  25f>,  patented  by  the  State 
of  Texas  to  Antonio  Ball.  They  are  in  a  flat  valley,  hemmed  in  by  a 
horseshoe  curve  of  the  Davis  Mountains.  About  3  miles  northwest  is 
Phantom  Lake.  It  is  8tat<]id  by  close  observers  that  the  waters  of  the 
creek  and  lake  are  of  the  same  composition  and  general  character,  and 
it  is  probable  that  the  latter  is  on  the  underground  stream  that  issues 
from  the  earth  in  the  Toyah  Springs. 
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The  largest  of  t]ie  Toyah  Springs  is  oval  shaped,  and  is  about  100 
feet  long  by  60  feet  broad.  Its  water  level  in  the  spring  varies 
with  the  condition  of  the  weeds  and  long  grass,  and  also  with  the 
weather.  The  discharge  as  measured  bj^  the  writer  on  September  5, 
1900,  was  40  second-feet.     A  large  percentage  of  the  water  is  deflected 
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Fig.  2.  — Bfap  showing  Toyah  Creek  irrigation  systems. 

into  the  ditch  of  Toyah  Creek  Irrigation  Company.  The  flow  of  the 
spring  is  equal  to  about  8  heads,  a  head  being  defined  as  the  amount 
of  water  that  flows  through  an  opening  1  foot  square,  the  upper  edge 
of  the  opening  being  4  inches  below  the  water  surface.  There  is  an 
unverified  and  hajzy  tradition  that  the  flow  once  amounted  to  1 2  heads, 
but  this  is  seriously  doubted. 
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For  several  miles  the  creek  skirts  the  foothills  of  the  Davis  Moun- 
tains, and  in  addition  to  the  well-known  springs  mentioned  is  fed  by 
Sinall  invisible  springs  and  by  seepage.  It  empties  into  Toyah  Lake, 
a  large  alkali  flat  depression  about  35  miles  from  Toyahvale  and  about 
12  miles  south  of  Pecos. 

In  all  there  are  five  ditches  taken  out  of  Toyah  Creek:  (1)  The 
Clements  or  Murphy,  9  miles  long,  taken  out  of  Toyah  Spring,  on  the 
south  side,  and  irrigating  about  1,500  acres;  (2)  the  Giffin,  1  mile 
long,  taken  out  of  Toyah  Creek,  on  the  north  side,  and  irrigating 
about  400  acres;  (3)  the  Saragossa,  2  miles  long,  taken  out  on  the 
south  side  of  the  creek,  about  6  miles  below  Toyah  Spring,  and  irri- 
gating 1,500  acres  (this  is  included  in  the  Clements  system);  (4)  the 
St.  Isabella  ditch,  which  irrigates  about  700  acres  and  is  2  miles  long, 
being  taken  out  on  the  north  side  of  the  creek,  19  miles  below  Toyah 
Spring;  and  (5)  the  Pruett  ditch,  2  miles  long,  headgate  26  miles  below 
Toyah  Spring,  on  the  south  side,  which  irrigat-es  about  300  acres.  The 
location  of  the  ditches  is  shown  in  fig.  2.  The  crops  raised  are  mostly 
corn,  wheat,  Kafir  corn,  and  sweet  potatoes.  From  Toyahvale  to  Sara- 
gossa the  irrigation  has  been  very  efficient.  A  half  mile  above  Sara- 
gossa, on  the  main  Saragossa  ditch,  is  Clements's  grain  and  fiour  mill, 
an  adobe  and  timber  structure,  at  which  there  is  a  fall  of  12  feet. 

The  main  irrigation  ditch  leading  from  the  largest  of  the  Toyah 
springs  (now  known  as  the  Clements  pr  Murphy  ditch)  was  projected 
as  early  as  1875,  but  the  ditches  of  the  Saragossa  and  the  Toyah 
Creek  companies  were  chartered  in  1875  and  1876.  Afterwards  the 
companies  passed  through  various  ownerships  and  changes  until  1894, 
when  Mr.  E.  Clements  obtained  all  the  rights  and  ownership  of  the 
Saragossa  Company  ditch,  and  in  1895  he  obtained  a  controlling  inter- 
est in  the  Toyah  Creek  ditch.  The  Saragossa  ditch  was  taken  out  of 
Toyah  Creek  about  6^  miles  below  the  Toyah  Springs  and  about  If 
miles  above  the  town  of  Saragossa.  Both  ditches  are  now  operated 
under  the  Clements  management,  a  lateral  connecting  them.  The 
original  Saragossa  ditch  was  taken  out  probably  as  early  as  1869,  at  a 
point  where  the  bed  of  the  creek  ended  in  rather  swampy  lands. 
These  lands  are  now  in  the  Saragossa  farm.  From  the  best  evidence 
obtainable  the  flow  of  the  Saragossa  Spring  was  about  15  second-feet, 
and  it  was  the  largest  affluent  of  Toyah  Creek  below  section  256. 

Toyahvale  is  about  an  eighth  of  a  mile  west  of  the  Toyah  Springs; 
La  Loma  is  about  1  mile  below  the  head  spring,  on  the  right  bank; 
India  (known  as  Brogado  P.  O.)  is  about  4  miles  below  the  Toyah 
Springs,  on  the  right  bank ;  while  Saragossa  is  9  miles  below  the  head 
spring,  on  the  right  bank  of  the  creek. 

FORT  STOCKTON. 

Comanche  Creek  rises  near  Fort  Stockton,  in  a  clear  and  bold 
spring.  In  1899  its  flow,  as  determined  by  measurement,  was  70 
second-feet.     The  waters  of  the  creek  were  first  used  for  irrigation 
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in  18G8,  when  Osesario  Torres  irrigated  land  l)e longing  to  Gen.        .:. 
Hatch  and  others.     In  1870  the  Unit^  States  Government  irri.     * 
abont  100  acres,  most  of  which  was  used  for  a  garden  for  the  po- 

In  fig.  3  are  shown  four  irrigation  ditches  taken  out  of  the  c^   -.► 
two  on  the  right  or  east  side  and  two  on  the  left  or  west  side.      • 

Oarza  ditch  and   Comanche  Creek  Irrigation  Company  dik    .  - 
The  ditches  on  the  right  side  of  Comanche  Creek  are  known  i%t 
Garza  ditch  and  the  Comanclie  Creek  Irrigation  Company's  d     i 
both  of  which  are  owned  by  the  Southwestern  Irrigation  Compa'  . . 
The  former  is  taken  out  about  3  miles  and  the  latter  3i  miles  belu^ 


Pio.  3. —Map. showing  Fort  Stockton  irrigation  BystemB. 

Fort  Stockton.  A  loose  dam,  made  of  Cottonwood  logs  and  turf,  raises 
the  water  into  the  Garza  ditch,  which  is  6  miles  long  and  is  used  to 
convey  wat^er  to  cattle  ranches.  From  600  to  800  acres  are  irrigat^ed 
from  the  lowest  (Comanche  Creek  Irrigation  Company)  ditch,  400 
acres  being  in  alfalfa. 

Rooneij  ditches, — Two  ditches,  known  as  the  Ro<mey  ditches,  and 
marked  A  and  B  in  fig.  3,  are  taken  out  on  the  left  side  of  the  creek. 
They  were  constructed  in  1876  and  1877.  Ditch  A  is  about  4  miles 
long,  and  is  taken  out  about  a  half  mile  below  the  head  of  the  Garza 
ditch.  The  Rooney  ditches  can  irrigate  6,000  acres.  In  1900  they 
actually  irrigated  1,360  acres,  900  acres  being  in  com,  400  acres  in 
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cotton,  and  60  acres  in  alfalfa.  On  ditch  A  is  located  the  mill  belong- 
ing to  Rooney  &  Butts,  of  Fort  Stockton.  The  fall  at  the  gin  is  12 
feet,  and  12  l^orsepower  is  developed  by  a  24-inch  Leffel  turbine. 

Hermosura  ditch. — The  Hermosura  ditch,  owned  by  J.  H.  Craw- 
foKl,  is  7  miles  east  of  Fort  Stockton  and  receives  its  waters  from  the 
San  Pedro  Spring,  which  is  in  section  208  of  the  Texas  land  office  map. 
Thf:  flow  of  the  spring  is  about  4  second-feet,  and  from  it  Mr.  Craw- 
ford irrigates  160  acres  of  land. 

Seven  miles  west  of  Fort  Stockton  Mrs.  Royall  irrigates  260  acres 
irom  the  Leon  Spring. 

SANTA  LUCIA. 

The  Santa  Rosa  Spring  is  in  section  68  of  the  Texas  land  office  map. 
It  comes  out  in  a  bold  stream  of  about  10  second-feet  volume,  and 
flows  in  the  ditch  constructed  for  its  control.  It  is  4^  miles  north  of 
the  post-office  at  Santa  Lucia,  the  office  being  located  at  the  home  of 
Thomas  L.  Ray,  the  largest  user  of  the  Santa  Rosa  water  for  irriga- 
tion purposes.  The  water  is  under  the  control  of  the  Pecos  River 
Company,  and  each  irrigator  pays  50  cents  per  year  per  acre  for  suffi- 
cient for  his  crops.  Mr.  Ray  planted  cottonwoods  along  the  ditches, 
and  now  liis  farm  is  bordered  on  the  north  and  west  sides  by  stately 
trees  that  can  be  seen  for  20  miles.  He  lives  in  section  104,  and  irri- 
gates 100  acres.  Mr.  Levi  A.  Scott  lives  2  miles  north  of  Santa  Lucia, 
and  irrigates  60  acres  from  the  Santa  Rosa  (spring)  ditch.  The  crop 
raised  is  mostly  alfalfa,  and  when  visited  in  June,  1900,  all  kinds  of 
stock  were  being  fattened  upon  green  alfalfa.  In  addition  to  the 
alfalfa,  Mr.  Ray  has  a  thriving  orchard  of  peach  trees  just  coming 
into  thrifty  bearing.  The  Santa  Lucia  systems  are  shown  in  the  map, 
fig.  5. 

BIG  BEND. 

The  land  along  the  Rio  Grande  in  the  Big  Bend  is  very  rich  and 
will  raise  any  crop  that  grows  in  Texas.  Its  yield  is  enormous,  as 
many  as  80  bushels  of  corn  and  50  bushels  of  wheat  being  grown  to 
the  acre.     Irrigation  on  a  small  scale  is  practiced  extensively. 

Canddaria  ditch, — At  Candelaria,  a  Mexican  settlement  on  the  Rio 
Grande  about  45  miles  from  Shafter,  there  is  an  irrigation  ditch  4 
miles  long,  which  was  built  by  the  Mexicans.  It  is  fed  by  Coyote 
Creek,  and  irrigates  about  200  acres.  The  Rio  Grande  is  generally 
dry  at  this  point  during  the  irrigation  season,  but  when  it  flows  part 
of  its  waters  are  deflected  into  the  Candelaria  ditch. 

Dawson  system. — At  Shafter  Mr.  G.  S.  Dawson  has  two  tanks  that 
are  filled  from  a  strong  spring.  Small  ditches,  or  acequias,  lead  from 
the  tanks  and  irrigate  his  farm,  orchard,  and  garden.  The  land  not  in 
orchard  or  garden  is  sowed  in  wheat,  which  is  cut  green  to  serve  for 
feed,  and  the  land  is  then  plowed  and  planted  in  corn  and  beans. 

Dd  lioaa  ddtch, — The  Rio  Rosa  ditch  is  6  miles  long,  6  feet  wide, 
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and  from  2  to  4  feet  deep.  It  was  built  about  1880.  A  low  dam  of 
loose  rock,  1  or  2  feet  high,  is  constructed  across  the  Rio  Grande,  and 
serves  to  irrigate  about  every  cfther  year  1,200  acres. 

Pcdvo  Irrigation  Company  ditch, — About  10  miles  below  Presidio 
the  Palvo  Irrigation  Company  has  a  ditch  5  miles  long,  6  feet  wide, 
and  6  feet  deep.  Water  is  obtained  by  means  of  a  dam  of  loose  rock, 
500  feet  long  and  from  2  to  4  feet  high,  which  was  constructed  across 
the  Rio  Grande  in  1877.  Two  miles  above  Presidio  the  Rio  Concho 
of  Mexico  enters  the  Rio  Grande,  affording  an  abundant  supply  for 
this  ditch.  Above  the  mouth  of  the  Rio  Concho  the  flow  of  the  Rio 
Grande  is  unreliable. 

Mulato  canal. — Opposite  the  Palvo  canal,  on  the  Mexican  side,  is 
the  Mulato  canal,  in  the  State  of  Chihuahua.  This  canal  shows  what 
can  be  done  by  irrigation  in  the  Big  Bend.  It  is  6  miles  long,  10  feet 
wide,  4  feet  deep,  and  supports  1,000  persons.  It  is  taken  out  of  the 
Rio  Grande  a  short  distance  below  the  Palvo  dam,  and  reenters  the 
river  at  the  Mexican  village  of  Mulato,  below  Palvo. 

Ernst  and  Lindsey  systems, — Near  Boquillas,  on  the  Rio  Grande, 
in  Brewster  County,  there  are  two  small  irrigation  plants  which  take 
their  water  from  Tornillo  Creek,  which  is  dry  most  of  the  year,  but 
affords  excellent  opportunities  for  impounding.  Mr.  A.  Ernst  owns 
a  ditch  900  feet  long,  4  feet  wide,  and  3  feet  deep,  which  was  con- 
structed in  the  early  part  of  1901,  on  the  east  side  of  the  creek.  The 
soil  here  is  sandy  and  of  good  productive  possibilities.  Twenty  acres, 
in  corn,  cotton,  and  beans,  were  irrigated  this  year  (1902).  The 
plant  of  D.  E.  Lindsey  is  on  the  west  side  of  the  cr^k.  The  ditch 
was  constructed  in  1898.  It  is  1,500  feet  long,  3  feet  wide,  and  2  feet 
deep.  The  earth  dam  across  the  creek  is  400  feet  long  and  G  feet 
high.     Thirty  acres,  in  beans  and  corn,  are  cultivated  at  this  plant. 

Ditches  along  Alamo  and  Leoncito  creeks. — Two  ditches  have  lieen 
taken  out  of  Alamo  Creek,  in  Brewster  County.  The  first  of  these, 
taken  out  in  1880,  is  2  miles  long,  3  feet  wide,  and  irrigates  250  acres 
of  corn,  beans,  wheat,  and  sorghum.  The  water  is  deflected  into  the 
ditch  by  a  dirt  dam  40  feet  long  and  4  feet  high.  A  ditch  has  also 
been  taken  from  Leoncito  Creek.  Its  length  is  one-fourth  of  a  mile, 
its  width  1  foot.  It  irrigates  3  acres  of  alfalfa.  Two  other  small 
ditches,  irrigating  about  3  acres  each,  derive  their  water  from  small 
springs. 

Pool  system. — A  few  miles  from  Shafter,  on  the  ranch  of  J.  R.  Pool, 
5  acres,  in  vegetables  and  fruits,  are  irrigated.  The  water  is  derived 
from  springs,  and  the  peaches  produced  are  of  excellent  quality  and 
abundant  quantity. 

Hos^ier  Brothers  system. — ^The  Hosier  Brothers,  near  Dry  den,  have 
two  small  ditehes,  from  which  24  acres  are  irrigated.  The  larger  one 
is  three-fourths  of  a  mile  long.  It  was  built  in  1898  and  1899,  takes 
its  water  from  a  spring,  and  irrigates  19  acres  in  corn.     The  smaller 
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ditch  was  built  in  1894,  is  one-fourth  of  a  mile  long,  takes  its  water 
from  Arocha  Spring  Creek,  and  irrigates  5  acres  of  sweet  potatoes, 
melons,  and  vegetables. 

Ditches  in  Jeff  Davis  County. — In  Jeff  Davis  County,  along  Lim- 
bia  Creek,  several  small  gardens  and  farms,  aggregating  nearly  100 
acres,  are  irrigated. 

Templeton  system. — Thirteen  miles  northwest  of  Alpine  and  15 
miles  southeast  of  Fort  Davis,  in  the  county  of  Jeff  Davis,  there  is  an 
irrigated  system  on  the  Templeton  ranch.  Two  natural  springs  from 
the  side  of  a  mountain  supply  the  water  to  irrigate  an  18-acre  orchard 
containing  about  2,000  fruit  trees,  consisting  of  apples,  peaches, 
plums,  pears,  apricots,  quince,  and  almond.  The  two  springs  irrigate 
separate  pieces  of  ground.  The  one  near  the  residence  supplies  water 
for  domestic  use,  irrigates  about  2  acres,  and  waters  the  domestic 
stock.  In  connection  with  this  is  a  cement  tank,  having  a  capacity 
of  11,000  gallons,  which  is  supplied  by  pipes  that  lead  from  the  spring 
and  fill  it  in  about  thirty-six  hours.  This  amounts  to  about  one- third 
the  flow  of  the  spring.  The  larger  spring  irrigates  directly  15  acres 
without  the  intervention  of  a  reservoir. 

Two  miles  above  this  place  is  located  a  field  of  about  30  acres  which 
is  supplied  by  one  or  more  springs.  No  ditches  are  used,  but  the 
forage  crops,  consisting  of  alfalfa,  Johnson  grass,  and  cane,  are  sub- 
irrigated,  and  when  not  used  for  pasture  the  field  produces  three  or  four 
crops  each  year. 

PECOS   VAXIiBY   SYSTEMS. 

Pecos  River  rises  in  the  northeastern  part  of  New  Mexico  and  flows 
in  a  general  southerly  direction  through  the  southeastern  part  of  that 
Territory,  crossing  the  western  prolongation  of  Texas  and  Anally 
entering  the  Rio  Grande  at  about  the  lower  third  of  the  length  of 
that  stream.  It  is  supplied  to  a  considerable  extent  by  water  from 
large  springs  in  the  limestone  rocks  of  the  region,  of  which  Roswell 
is  now  the  principal  town.  These  maintain  the  perennial  flow  of  the 
river,  the  run-off  from  the  catchment  basin  being  irregular  in  char- 
acter and  diminishing  at  times  to  relatively  small  amounts. 

Large  irrigation  works  have  been  constructed  in  the  vicinity  of 
Roswell,  which  utilize  the  greater  part  of  the  summer  flow  of  the 
river  so  that  during  the  dry  season  of  the  year  little  water  crosses  the 
Texas  line.  Large  storage  reservoirs  have  been  created  both  at  Ros- 
well and  above  Carlsbad.  Between  Carlsbad  and  the  Texas  State 
line  there  are  several  reenforcing  springs.  The  water  that  flows  in 
the  stream  is  largely  derived  from  the  seepage  of  irrigated  lands 
above,  and  is  often  heavily  charged  with  alkaline  salts.  Irrigation 
canals  have,  however,  been  constructed  along  the  valley  in  Texas, 
principally  near  the  town  of  Pecos,  at  the  crossing  of  th(i  Texas  and 
Pacific  Railroad.  The  valley  is  fertile,  and  where  properly  irrigated 
large  crops  are  produced. 
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MARGUERETTA  CANAL. 

The  most  important  irrigation  system  alon^  the  river  in  Texas  is 
the  one  about  50  miles  from  the  New  Mexico  line  known  as  the  Mar- 
gueretta  canal  system  (see  fig.  4).  It  was  begun  in  1887  by  the 
Pioneer  Canal  Company,  which  afterwards  consolidated  with  the 
Margueretta  Canal  Company,  which  now  owns  the  whole  system. 
Water  is  diverted  by  means  of  a  brush  dam,  it  being  deemed  imprac- 
ticable to  build  a  masonry  structure  in  the  sandy  river  bed.  The  dam 
is  250  feet  long  and  5  feet  high.  The  head  gate  is  shown  in  PI.  II,  A, 
As  shown  in  fig.  4,  the  canal  is  taken  out  of  the  west  side  of  the  river, 
runs  in  a  southwesterly  direction  for  a  distance  of  3  miles,  crosses  the 
river  in  a  flume  (shown  in  PI.  Ill),  and  then  runs  in  a  general  easterly 
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Fin.  4.— Hap  of  Mar^eretta  canal  RTstexn. 

direction  for  12  miles.  There  is  also  a  branch  continuing  down  the 
west  bank  for  a  considerable  distance,  being  the  main  part  of  the  old 
Pioneer  canal  and  now  known  as  the  West  Valley  canal,  a  view  of 
which  is  shown  in  PI.  II,  B.  Thirty  current-meter  measurements 
during  1900  show  that  this  ditch  carries  an  average  of  12  second-feet 
of  water.  The  dimensions  of  the  main  ditch  are:  Top  width,  30  feet; 
bottom  width,  18  feet;  depth  of  water,  4^  feet.  There  are  three  prin- 
cipal laterals,  with  bottom  widths  of  12,  G,  and  8  feet,  respectively. 
In  PI.  IV,  A  and  B^  are  shown  a  sluice  gate  and  a  measuring  weir 
used  on  the  canal. 
The  canal  was  first  used  in  1889,  and  the  extent  of  land  irrigated 
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by  it  is  steadily  increasing.  The  total  cost  of  the  system  was  more 
than  $150,000,  and  it  is  designed  to  cover  about  40,000  acres,  only 
6,000  of  which  are,  however,  yet  under  cultivation.  The  water  rights 
are  sold  at  110  an  acre,  a  i>ermanent  right  guaranteeing  25  miners' 
inches  of  water  to  the  acre.  The  annual  rental  is  $1  and  $1.50  for 
each  acre  served  with  water.  The  principal  crop  is  cotton,  of 
which  there  are  about  3,500  acres.  The  other  crops  cultivated  are 
alfalfa,  sugar  beets,  and  all  kinds  of  forage  plants,  fruits,  and  vege- 
tables. Sugar  beets  tested  in  1896  showed  between  14  and  20  per 
cent  of  saccharine  matter.  Peaches,  apples,  and  grap<^s  do  well. 
Cotton  averages  500  pounds  of  lint  to  the  acre.  Th(^  annual  rainfall 
is  about  12  inches.  Owing  to  the  high  elevation  (2,700  feet)  the 
seasons  are  much  later  than  in  most  of  the  irrigatcHl  districts  of  the 
State. 

The  enterprise  seems  to  have  been  conducted  with  energy  and  care, 
the  canals  and  hea<l  gates  are  well  planned  and  well  built,  and  alto- 
gether the  scene  about  Barstow,  the  cent<»r  of  the  irrigated  portion, 
has  a  general  air  of  healthy  growth  and  prosperity  that  is  very  pleas- 
ing to  the  eye  after  the  many  miles  of  desert  s(»enery  Ix^twoen  there 
and  El  Paso.  There  are,  however,  a  number  of  problems  that  must 
be  solved  before  agriculture  will  Ix^  everywhere  successful.  Much  of 
the  land  is  impregnated  with  what  is  known  as  alkali.  At  first  this 
does  not  prove  troublesome,  but  after  a  few  years  of  cultivation  it 
may  be  brought  to  the  surface  by  injudicious  treatment,  and  the 
river  water  used  in  irrigation  continually  adds  to  the  supply  of  this 
mineral  matter.  The  only  remedy  so  far  applied  is  drainage,  which 
is  as  important  in  its  way  as  irrigation.  The  land  is  nearly  level, 
and  considerable  care  will  be  required  to  provide  means  by  which  the 
accumulated  alkali  can  be  wavshed  from  the  soil. 

One  of  the  principal  crops  is  alfalfa,  which  sells  at  $8  a  ton  on  the 
cars  at  Pecos  and  $10  a  ton  retail.  Alfalfa  {Medicago  saliva)  will 
grow  on  almost  any  land,  under  almost  any  conditions,  but  satisfac- 
tory results  can  be  expected  only  on  a  naturally  deep,  loose,  porous 
soil,  preferably  deep  sand,  underlain  with  gravel,  so  that  go(Kl  drain- 
age is  assured. 

PECOS  RIVER  IRRIGATION  COMPANY. 

About  28  miles  below  Pecos  is  the  head  gate  of  the  canal  of  the 
Pecos  River  Irrigation  Company,  on  the  west  side  of  the  river,  run- 
ning in  a  general  southeasterly  direction  for  12  miles.  It  is  the  oldest 
ditch  on  the  river  in  Texas,  having  been  built  in  1«S75  and  1876.  It 
was  enlarged  in  1889  and  used  again  in  1890,  but  has  never  been 
entirely  completed  in  its  enlarged  condition.  It  takes  all  its  water 
by  means  of  a  brush-and-stone  dam  about  GO  feet  long  and  from  5  to 
6  feet  high.  The  total  cost  of  the  undertaking  was  about  ^'35,000. 
It  was  designed  to  irrigate  20,(K)0  acres,  but  only  100  acres  were  irri- 
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gated  in  1901.  The  water  supply  was  very  short  for  several  years, 
especially  in  1892,  1898,  1894,  and  1898,  after  the  dam  at  Carlsbad, 
N.  Mex.,  was  completed.  The  flow  has  increased  since  then,  but  the 
river  becomes  quite  low  and  the  water  bitter  in  March  and  April  of 
each  year.  The  soils  and  crops  raised  are  similar  to  those  at  Pecos 
and  at  Barstow,  but  as  at  times  only  16  second-feet  of  water  are  per- 
mitted  to  pass  Pecos,  the  supply  and  quality  are  entirely  inadequate 
to  meet  the  demands. 

GRAND  PALLS. 

The  Grand  Falls  Irrigation  and  Improvement  Company  takes  out  a 
canal  4  miles  below  the  head  gates  of  the  one  last  described,  but  on 
the  opposite  side  of  the  river.  It  was  begun  in  1896,  and  16  miles  of 
it  are  finished.     It  is  supplied  by  a  brush-and-stone  dam  across  the 


Fig.  6.— Map  of  Grand  Falls  and  Santa  Lucia  irrigation  RystemB. 

river,  100  feet  long  and  7  feet  high.  The  water  rights  are  valued  at 
115  an  acre;  the  annual  assessment  is  $1.25  an  acre.  The  company 
has  completed  an  excellent  system  of  canals  in  one  of  the  most  fer- 
tile valleys  in  Texas  (see  fig.  5),  but  the  enterprise,  like  that  of  the 
Pecos  River  Irrigation  Companj^  left  two  factors  out  of  its  calcula- 
tions or  gave  them  too  little  weight — i.  e.,  the  minimum  flow  of  the 
river  and  the  amount  of  alkali  it  carries  at  low  stages.  Both  factors 
prove  almost  conclusively  that  only  alfalfa  can  be  raised  on  either 
side  of  the  river  near  Grand  Falls.  The  brackish  condition  of  the 
water  will  affect  the  young  alfalfa,  but  after  it  gets  stronger  it  can 
stand  it  and  water  can  be  applied  at  will.  By  judicious  management 
a  small  amount  of  alfalfa  can  be  produced  in  paying  quantities,  not- 
withstanding the  alkali  in  the  water.  The  Pecos  and  Grand  Falls 
systems  have  fallen  far  below  expectations. 
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EDWARBS  PIjATKATT  SYSTEMS. 

The  Edwards  Plateau  comprises  the  region  bounded  by  Colorado 
River  on  the  north  and  northeast,  by  the  International  and  Great 
Northern  and  the  Southern  Pacific  railroads,  and  by  Pecos  River. 
The  svstems  treated  under  this  section  are  those  included  in  the 
plateau  and  its  foothills,  including,  in  whole  or  in  part,  the  systems 
in  the  counties  of  Yalverde,  Kinney,  Edwards,  Kimble,  Menard,  San 
Saba,  and  KeiT.  From  the  foothills  of  the  plateau  numerous  large 
springs  gush  forth  from  the  limestone  rocks,  and  many  of  these  have 
been  utilized  for  water-power  and  irrigation  purposes.  Springs  occur 
at  Lampasas  (the  Hancock  and  Ilanna  springs;  volume,  15  second- 
feet);  at  Walton's  ranch,  near  Bartlett;  at  Mormon  Springs  (volume, 
10  second- feet),  on  the  banks  of  the  Colorado,  1  mile  above  the  Austin 
dam;  at  Barton  Springs,  li  miles  southwest  of  Austin  (with  a  volume 
varying  from  18  t.o  70  second-feet,  the  average  being  30  second-feet) ; 
at  San  Marcos,  form!hg  San  Marcos  River  (minimum  volume,  70  second- 
feet);  at  New  Braunf els  (minimum  volume,  300  second-feet),  forming 
Comal  River;  at  San  Antonio,  with  a  volume  varying  from  9  to  125 
second-feet;  at  Uvalde,  with  a  volume  varying  from  0  to  15  second- 
feet;  at  Brackettville  (the  Las  Moras,  with  a  minimum  volume  of  .21 
second-feet) ;  at  Del  Rio,  in  the  San  Felipe  Springs  and  Creek,  with  a 
minimum  volume  of  60  second- feet;  along  Upper  Nueces  River,  in  the 
Edwards  Plateau;  the  Kickapoo  Spring,  in  Tom  Green  County,  etc. 
The  systems  treated  here  are  those  at  Del  Rio,  including  Cienagas 
Creek;  those  along  Mud  and  Los  Moras  creeks;  those  along  the  Upper 
Nueces;  those  near  Menardville;  and  those  in  Kerr,  Kimble,  and 
Edwards  counties. 

DEL  RIO. 

At  Del  Rio  is  one  of  the  most  effective  and  successful  irrigation  sys- 
tems in  Texas.  A  map  of  it  is  shown  in  fig.  6.  The  water  is  supplied 
from  San  Felipe  Creek,  a  short  stream  formed  by  four  large  springs, 
about  1  mile  east  of  the  town,  within  a  fourth  of  a  mile  of  one  another. 
In  the  4^  miles  from  the  springs  to  the  Rio  Grande  the  fall  of  the  stream 
is  62  feet,  thus  furnishing  an  excellent  water  power  for  manufacturing 
purposes.  Four  ditches  have  been  taken  out,  two  of  them  for  irriga- 
tion. They  are  supplied  with  water  by  means  of  two  permanent 
masonry  dams  G5  and  150  feet  in  length,  respectively,  and  each  8  feet 
high.  The  smaller  dam,  shown  in  PI.  Y,  B,  is  nearest  the  springs, 
and  is  the  starting  point  of  the  San  Felipe  ditch,  shown  in  PI.  V,  A. 

The  first  ditch  was  started  in  1808  by  James  H.  Taylor  and  others. 
The  company  purchased  about  6,000  acres  of  land,  including  Cienagas 
and  San  Felipe  creeks.  In  1869  sev^eral  hundred  acres  were  irrigated 
from  this  ditch.  The  second  ditch  was  taken  out  in  1860,  with  a 
capacity  to  serve  1,600  acres.  The  third  was  started  in  1873;  2.}  miles 
were  built  in  1874,  and  it  was  widened  and  completed  in  1876.     The 
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ditches  are  now  owned  by  the  San  Felipe  Agricultural,  Mechanical 
and  Irrigation  Company,  the  shares  in  Avhich  are  held  by  owners  of 
the  land  commanded  bv  the  ditches.  The  total  cost  of  the  ditches 
was  about  $25,000,  and  the  annual  cost  of  maintaining  them  is  about 
50  cents  per  acre  per  annum.  The  main  ditches  measure  about  4i 
miles  in  length  and  are  10  feet  wide  at  the  top,  have  perpendicular 
sides,  and  carry  about  2  feet  of  water.  The  laterals  are  four  in 
number,  with  an  average  width  of  4  feet  and  a  total  length  of  24J 
miles,  making  the  total  length  of  the  ditches  30  miles.  The  area 
irrigated  is  3,600  acres  (in  meadow,  cotton,  corn,  gardens,  orchards, 


Fio.  6.— Map  of  Del  Rio  irrigation  system. 

and  vineyards),  although  5,000  acres  can  be  irrigate<l.  All  kinds  of 
fruits  and  vegetables  are  grown  in  profusion.  On  June  15  of  this 
year  (1902)  melons,  plums,  and  apples  were  ripe.  The  impresBion 
made  on  the  traveler  who  comes  from  the  droughty  and  sun-scorclied 
plains  is  not  soon  forgotten.  This  cultivated  tract  has  been  so  iso 
lated  from  the  rest  of  the  agricultural  world  that  none  of  the  disea^s 
which  so  reduce  the  profits  of  the  grape  and  fruit  grower  elsevsrlie 
have  yet  been  introduced.  Grapes  produce  from  6,000  to  10,CKJ 
pounds  to  the  acre,  and  are  mostly  made  into  wine,  the  yield  of  i^rliic 
is  from  10  to  16  barrels  to  the  acre. 
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CIBNAGAS  CREEK. 

Cienagas  Creek  ^rises  in  the  Cienagas  Spring,  in  section  179,  about 
3  miles  west  of  Bel  Rio.  A  dam  690  feet  long  and  25  feet  high  was 
constructed  across  the  creek  in  1875.  This  deflected  the  water  into  a 
ditch  that  skirted  the  foothills  to  the  west,  and  then  turned  toward 
the  east,  after  crossing  the  tracks  of  the  Southern  Pacific  Railroad,  as 
shown  in  fig.  7.  The  ditch  is  3J  miles  long,  6  feet  wide,  and  4  feet 
deep.  The  flow  is  sufficient  to  irrigat.e  800  acres.  The  principal  crop 
is  Johnson  grass,  which  is  raised  for  hay.     The  year  1900  was  so  wet 


Fto.  7.— Map  of  Cienagas  Creek  irrigation  Hystem. 

all  over  Texas  that  no  irrigation  was  needed  to  produce  an  excellent 
hay  crop.  The  hay  farms  lie  along  the  Southern  Pacific  Railroad, 
between  it  and  the  Rio  Grande.  The  yield  in  1900  was  5  tons  to  the 
acre. 

MUD  CREEK. 

Mud  Creek,  which  is  about  halfway  between  Las  Moras  and  San 
Felipe  creeks,  has  hjid  a  varied  history.  Several  attempts  have  bi^en 
made  to  utilize  its  waters  for  irrigation  purposes.  The  creek  rises  in 
large  springs  about  7  miles  north  of  the  crossing  of  the  Southern 
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Pacific  Railroad.  At  one  time  there  was  a  dam  across  the  stream 
just  below  the  springs  which  backed  the  water  over  the  springs,  and 
it  was  claimed  that  this  was  one  of  the  causes  of  the  stream  going 
dry.  The  dam  was  finally  blown  out,  but  the  creek  did  not  regain  its 
former  flow  until  the  spring  of  1900.     It  was  practically  dry  from  189^^ 


Fio.  8.— Map  of  Mnd  Creek  irrigation  system 

to  1899.  Its  revival  was  simultaneous  with  the  revival  of  the  Leona 
and  San  Antonio  rivers.  A  ditch,  shown  in  fig.  8,  is  taken  out  of  the 
creek  on  its  west  side  3  miles  above  the  railroad,  and  in  1900  about 
400  acres  were  irrigated  from  it. 

LAS  MORAS  CREEK. 

Las  Moras  Creek  rises  in  large  springs  near  Brackett.  The  flow  in 
1895  was  21  second-feet,  and  in  1900  it  was  51  second-feet.  The 
waters  of  the  creek  are  used  for  irrigating  farms  and  gardens  within 
10  miles  of  Brackett. 

Government  ditch. — The  ditch  nearest  to  Bi*ackett,  shown  in  fig.  i^ 
is  the  properly  of  the  Government,  being  used  by  the  Seminole  Xegro 
Indians,  who  live  on  the  Fort  Clark  Reservation.  It  is  on  the  west 
side  of  the  crtn^k,  and  is  about  1  mile  long,  5  feet  wide,  and  1  foot 
deep. 

IndelTcofer- Gilder  ditch. — The  Indelkofer-Gilder  ditch,  also  on  the 
west  side  of  the  creek,  is  taken  out  1  mile  below  the  intake  of  the 
Seminole  dit<»h.  Its  dimensions  are:  Length,  OOO  feet;  width,  4  feet, 
and  depth,  1  foot;  15  acres  are  irrigated  from  it. 

McGovern  ditch. — The  McGovern  ditch,  from  which  8  acres  are 
irrigated,  is  taken  out  on  the  east  side  a  short  distance  above  the 
intake  of  the  Indelkofer-Gilder  ditch.  Its  length  is  GOO  yards,  depth 
1  foot,  and  width  5  feet. 
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Smith  and  Straiion  ditches, — About  6  miles  below  Brackett  two 
ditches — the  Smith  and  the  Stratton — are  taken  out,  one  on  the  west 
and  the  other  on  the  east  side  of  the  creek.  The  Smith  ditch  is  600 
feet  long,  4  feet  wide,  and  1  foot  deep,  and  irrigates  from  6  to  10 
acres  of  garden.  The  Stratton  ditch  is  3  miles  long,  8  feet  wide,  and 
1  foot  deep,  and  irrigates  a  hay  farm  of  250  acres  below  the  Southern 
Pacific  Railroad.  In  March,  1902,  through  litigation.  Judge  Stratton 
lost  part  control  of  the  ditch  which  bears  his  name,  and  he  therefore 
abandoned  it  and  installed  a  pumping  plant  on  the  Las  Moras.     This 


Fio.  9.— Map  of  Las  Moras  Creek  irrlgration  systems. 

plant  can  readily  be  seen  from  the  Southern  Pacific  trains  as  they 
near  the  bridge  on  the  Las  Moras.  The  machinery  consists  of  a  40- 
horsepower  Ames  steam  engine,  which  operates  an  8-inch  Gould  cen- 
trifugal pump  against  a  lift  which  varies  from  17  to  20  feet.  Eagle 
Pass  coal  is  used  for  fuel,  and  it  requires  2,500  pounds  for  a  complete 
day's  run.  The  capacity  of  the  plant  is  4,750  minute-gallons,  and  in 
very  dry  seasons  it  exhausts  the  twenty-four  hours'  impounded  flow  of 
the  Las  Moras  in  two  and  a  half  hours.  A  small  dam  is  constructed 
across  the  stream,  which  forms  a  reservoir  in  the  channel,  and  is  allowed 
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to  impound  the  water  in  irrigation  season  for  twenty-four  hours.  The 
water  is  delivered  into  a  flume  15  by  30  inches,  2,000  feet  long,  which 
carries  it  to  the  highest  point  of  the  land.  Johnson  grass  is  the  main 
crop,  and  three  crops  are  made  each  season,  averaging  2  tons  to  the 
acre,  which  in  August,  1902,  was  selling  for  $14  a  ton.  This  is  some- 
what higher  than  usual,  but  it  never  sold  for  less  than  $11  a  ton. 

SAN  SABA  VALLEY. 

The  San  Saba  River  rises  in  springs  1^  and  3  miles  above  Fort 
McKavett.  The  total  flow  of  these  at  the  crossing  a  mile  below  town 
was  found  on  August  14,  1902,  to  be  13  second-feet.  There  are  in  all 
eleven  different  irrigation  systems  in  Menard  County  that  take  their 
water  from  the  river  or  the  springs  that  feed  it.  These  are  the  Ball, 
Perry,  Byers,  Dickinson,  Striegler,  Spitgarl>er,  Coghlan,  Noyes,  Sieker, 
Kitchen,  and  Vanderstiicken. 

BaU  sy stein, — The  plant  of  Tom  Ball  is  north  of  Fort  McKavett 
and  takes  its  water  from  the  San  Saba  by  means  of  a  pump  run  by 
a  20-horsepower  steam  engine.     It  is  intended  to  irrigate  50  acres. 

Perry  system, — Seven  miles  east  of  Fort  McKavett,  on  the  south 
side  of  the  river,  W.  J.  Perry  irrigates  30  acres  from  the  Slieen  spring, 
which  comes  out  of  the  foothills  in  a  flow  of  1  second-foot.  This 
system  has  been  in  operation  a  long  time,  and  double  the  acreage 
could  be  brought  under  irrigation. 

Spitgarber  and  Coghlan  systems, — At  the  Spitgarber  ranch,  6  miles 
above  Menardville,  there  is  a  bold  spring  flowing  out  of  the  foothills. 
A  ditch  taps  this  spring  and  irrigates  20  acres.  One  mile  above  the 
Spitgarber  ranch,  on  the  Coghlan  ranch,  occurs  another  spring.  A 
ditch  taps  the  outflow  of  this  spring  and  irrigates  40  acres. 

Byers  systems, — Twelve  miles  above  Menardville  is  Byers's  vine- 
yard. The  dam  is  almost  as  unique  in  construction  as  that  of  Captain 
Sieker.  Into  the  rock  bottom  holes  were  drilled  across  the  river  and 
small  iron  posts  were  inserted.  An  iron  brace  was  attached  to  each 
post,  the  other  end  of  the  brace  fitting  a  hole  drilled  into  the  rock  bot- 
tom. A  plank  was  attached  to  the  upper  side  of  each  post  and 
adjusted  to  fit  the  configuration  of  the  river  bed.  On  the  top  of  this 
bottom  plank  another  plank  was  placed  and  attached  to  the  posts. 
The  race  was  blasted  out  of  the  solid  rock  on  the  north  side  of  the 
river.  Two  stone  piers  were  built  up  to  form  supports  for  the  axis  of 
the  undershot  water  wheel.  To  the  wheel  are  attached  buckets  which 
carry  a  certain  amount  of  water  to  the  level  above,  and  in  addition 
the  wheel  is  made  to  operate  a  pump  which  reinforces  the  flow  from 
the  buckets.  This  plant  irrigates  a  vineyard,  the  fruit  of  which  is 
converted  into  wine.  A  half  mile  below  this  vineyard  is  the  plant  of 
the  younger  Byers,  which  is  similar  to  that  just  described. 

Clear  Creek  systems. — Clear  Creek,  3  miles  long,  issues  from  the 
mountains  in  a  bold  spring,  which  had  a  capacity  on  August  14, 1902, 
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when  measured,  of  21  second-feet.  The  owner,  W.  J.  Wilkinson,  a 
settler  of  forty  years'  residence,  states  that  during  the  summer  the 
flow  is  larger  than  it  is  during  the  winter.  The  waters  are  used  by 
two  small  irrigation  systems,  the  Wilkinson  and  the  Striegler.  A 
small  rock  dam  at  the  head  deflects  part  of  the  waters  into  the  two 
ditches  of  the  Wilkinson  system,  from  which  12  acres  are  irrigated  on 
each  side  of  the  creek.  Near  the  mouth  of  the  creek  O.  Striegler,  by 
means  of  a  rock  dam  8  feet  high  and  about  50  feet  in  total  length, 
that  deflects  the  water  into  a  ditch  on  the  left  side  of  the  creek,  irri- 
gates 18  acres  in  corn,  cotton,  oats,  melons,  etc.  It  is  well  to  remem- 
ber that  the  capacity  of  this  creek  was  exactly  three-fourths  of  that 
of  the  Noyes  ditch  near  the  courthouse  in  Menardville  on  the  same 
day. 

Old  Mission  ditch, — The  San  Saba  mission  was  established  at  what 
is  now  known  as  old  Fort  San  Saba  in  1784,  and  it  was  from  this  the 
river  took  its  name.  The  Franciscan  fathers  who  established  the 
mission  constructed  a  system  of  irrigation  the  remains  of  which  can 


FiQ.  10.— Map  of  Menardyine  irrigation  systeniH. 

be  easily  tl*aced  to-day.  The  dam  was  a  short  distance  above  the 
mission  and  the  ditch  was  taken  out  on  the  south  side  of  the  river  and 
skirted  the  hills  one-half  mile  above  Menardville. 

There  are  three  systems  near  Menardville — the  Vaughan,  the  Sieker, 
and  the  Kitchen.     (See  fig.  10. ) 

Noyes  ditch. — ^The  Noyes  ditch  is  nearly  10  miles  long.  The  dam 
is  built  across  San  Saba  River  about  4  miles  above  Menardville, 
and  the  water  returns  to  the  river  5  miles  below  that  town.  The 
charter  was  obtained  by  the  Vaughan  Agricultural  and  Improvement 
Company  in  1874,  and  the  ditch  was  built  soon  after.  It  is  claimed 
that  this  company  put  $12,000  into  the  work.  This  was  an  excessive 
cost,  extra  expense  being  incurred  by  the  refusal  of  right  of  way  in 
one  instance,  forcing  the  company  to  make  a  cut  16  feet  deep  and 
several  hundred  feet  long.  Further,  the  methods  employed  were  rude 
and  costly.  Wheelbarrows  were  used  to  move  the  dirt,  and  in  the 
cut  the  earth  was  thrown  on  staging  and  passed  from  man  to  man. 
There  are  97  shares  of  stock,  valued  at  $180  each.     One  year  $1,200 
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was  spent  in  improvements  and  another  year  11,000,  but  the  ditoh 
pays  all  running  expenses,  cost  of  improvements,  and  10  per  cent  on 
the  shares  at  the  foregoing  valuation. 

After  construction  the  grade  of  the  ditch  was  found  to  be  irregular 
and  unsuitable,  so  work  has  been  done  each  year — cutting  and  filling — 
to  reduce  the  slope  above  the  Las  Moras  flume  to  a  nearly  uniform 
grade  of  30  inches  to  the  mile.  At  the  flume  there  is  a  fall  of  14  inches 
in  128  feet.  At  the  point  of  the  mountain,  where  the  ditch  curves 
with  the  hill  and  runs  through  rock,  it  is  lessened  in  size  and  has  a 
much  steeper  grade.  The  grade  of  30  inches  to  the  mile  was  estab- 
lished experimentallj'^  and  satisfies  as  nearly  as  possible  the  necessity 
of  avoiding  silting  on  the  one  hand  and  erosion  on  the  other.  The 
ditch  runs  through  coarse  gravel  part  of  the  way,  and  there  is  a  heavy 
loss  from  percolation.  The  straightening  of  the  ditch,  the  reduction 
of  the  grade,  and  the  tightening  of  the  dam  have  given  an  available 
flow  of  water  sufficient  to  irrigate  2,000  acres  of  land. 

The  dam  is  of  rough  limestone  quarried  at  the  spot,  averaging, 
where  seen  on  the  front,  2  feet  by  3  feet  by  10  inches,  and  laid  in 
courses  without  cement.  The  blocks  are  tied  by  bolts  fastened  to  a 
log  under  the  dam,  passing  up  through  the  dam,  and  at  the  top  are 
fastened  by  taps  to  cross-ties  lying  along  the  upper  surface.  The 
dam  is  slightly  concave,  and  is  about  200  feet  long  and  5^  feet  high  at 
the  center  of  the  front,  with  an  irregular  batter.  It  is  13^  feet  wide 
on  top  at  the  center.  It  rests  partly  on  rock  and  partly  on  gravel, 
and  is  backed  with  earth  on  a  slope  of  nearly  2  to  1. 

The  water  stands  within  a  few  inches  of  the  top  of  the  dam  and 
overflows  at  every  rise  in  the  river.  Judging  from  the  high-water 
marks  there  are  10  or  12  feet  of  water  passing  over  it  at  times.  Below 
the  dam  is  a  pile  of  loose  bowlders  which  holds  t^jto  leakage  through 
the  dam  and  forms  a  water  cushion  to  receive  the  fall.  At  every 
high  rise  the  dirt  is  washed  from  the  back  of  the  dam,  and  when  the 
water  subsides  it  is  at  once  replaced  by  dirt  scraped  from  the  north 
side  of  the  river.  The  dam  backs  the  water  about  500  yards,  the 
deepest  hole  being  about  15  feet.  The  water  is  taken  out  on  the 
south  side,  100  or  more  yards  above  the  dam,  and  is  carried  in  a  cut 
to  the  sluice  gale  a  short  distance  below  the  dam. 

A  section  of  the  ditch  made  a  few  hundred  yards  below  the  sluice 
gate  gave  the  following  dimensions:  Top  width,  15.2  feet;  bottom 
width,  8  feet;  depth,  2.7  feet;  wetted  perimeter,  16.5  feet;  area,  29.83 
square  feet;  maximum  surface  velocity,  2.17  feet  per  second,  and 
mean  velocity,  1.54  feet  per  second.  The  velocity  was  measured  for 
100  feet  above  and  below  the  section,  where  there  was  not  a  very  great 
difference  in  the  dimensions  of  the  ditch.  The  fall  of  the  surface  was 
found  to  be  0.1  foot  in  105,  or  1  foot  in  1,950,  or  2.7  feet  in  a  mile. 
This,  with  a  coefficient  of  n=0.03,  would  give  a  velocity  of  1.57  feet 
per  second,  which  is  very  near  the  observed  velocity  of  flow,  and 
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gives  a  discharge  of  46  cubic  feet  per  second,  or  2,300  inches,  estimat- 
ing 50  inches  to  1  foot. 

The  flow  of  the  main  ditch  was  measured  by  current  meter  in 
August,  1902,  at  the  bridge  near  the  Methodist  Church  and  it  was 
found  to  be  28  second-feet.  Two  small  ditches,  one  on  the  north  side 
of  Main  street  and  the  other  skirting  the  foothills  of  the  south,  taken 
out  above  the  bridge  referred  to,  were  carrying  one-third  and  1  second- 
foot,  respectivelj^. 

As  to  the  amount  of  water  required  to  the  acre,  one  man  who  irri- 
gates 40  acres  of  land  uses  40  inches  of  water  and  occasionally  needs 
a  little  more.  On  another  farm  they  use  15  inches  of  water  on  12 
acres  of  garden  truck.  On  the  upper  part  of  the  ditch  above  the 
town  the  water  is  measured  and  distributed  by  the  inch ;  that  is,  if  a 
man  wants  20  inches  of  water  the  gate  opening  on  his  ditch  is  set  for 
a  20-inch  flow  and  remains  in  that  position  throughout  the  season. 
From  the  town  down  they  use  the  water  in  rotation,  because,  owing 
to  a  mistake  in  laying  out  the  distribut<aries,  the  use  of  water  above 
interferes  with  the  flow  below.  So  they  alternate  every  seven  days, 
the  residents  above  using  all  the  water  that  reaches  them  during  that 
period,  the  lower  owner  having  all  the  water  during  the  next  seven 
days.  One-half  mile  below  the  town  the  Waller  lateral  runs  off  to 
the  left  toward  the  river  bend.  At  present  (1902)  it  is  the  custom 
to  let  those  on  the  Waller  have  the  whole  flow  one  week  and  those  on 
the  main  ditch  the  next,  etc. 

Assuming  the  acreage  irrigated  to  be  2,000  acres,  we  have  from  our 
calculated  flow  a  little  more  than  1  inch  to  the  acre,  which  is  the 
allowance  in  actual  use,  and  a  duty  of  44  acres  per  cubic  foot  per  sec- 
ond of  flow  for  the  water  entering  the  main  ditch.  These  measure- 
ments were  made  at  but  one  point,  and  can  be  considered  only 
approximate  for  the  whole  ditch.  For  accuracy  they  should  be 
repeated  at  a  number  of  points  and  proper  allowance  be  made  for  per- 
colation and  leakage.  In  general,  the  estimate  is  that  three  water- 
ings of  4  inches  will  make  a  crop. 

Sieker  system, — One  mile  below  Menard ville  is  the  dam  of  Capt. 
L.  P.  Sieker.  It  is  of  i)eculiar  construction,  as  shown  in  fig.  11.  In 
a  line  across  the  river  piles  6  feet  apart  were  driven  intt)  the  bed  of 
the  river  with  a  pile  driver,  being  left  5  feet  above  the  river  bottom. 
Parallel  to  this  row  and  6  feet  from  it  another  row  of  piles  was  driven 
in  such  a  way  that  the  piles  of  the  lower  row  were  immediately  below 
those  of  the  upper  row.  The  piles  were  thus  located  at  the  comers  of 
6-foot  squares.  The  piles  of  the  lower  row  projected  only  3  feet 
above  the  bed  of  the  river.  Sheathing  boards  2  inches  thick  were 
spiked  on  the  upper  side  of  the  upper  row  of  piles,  while  logs  were 
laid  against  the  upper  side  of  the  lower  row  of  piles  and  were  wired 
to  them.  The  inclosure  between  the  sheathing  and  the  logs  was 
filled  with  loose  stone.     This  added  weight  and  increased  the  stability 
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already  obtained  hy  sinking  the  piles.  To  prevent  leaka^  cedar 
tops  were  piled  above  the  dara  and  were  tramped  into  the  soil  and 
against  the  dam.  On  top  of  the  cedar  boughs  earth  was  filled  to 
within  a  short  distance  of  the  top.  This  method  of  constructing  a 
dam  has  proved  very  Buc«essfnl.  The  dam  is  380  feet  long,  5  feet 
high,  and  6  feet  wide. 


Fig.  U.— CroBa  sectiou  of  Bieker'x  rjsm  on  B&n  Sabs  Rlvar. 

From  the  lake  thus  formed  leads  the  ditch  known  its  the  Mamie 
ditch,  built  in  1894.  It  was  chartered  for  a  length  of  4  miles,  but 
only  1}  miles  have  been  constructed.  It  is  C  feet  wide  and  2  feet 
deep.  At  one  place  it  is  forced  to  within  30  feet  of  the  river,  on 
account  of  the  foothills  crowding  up  to  the  river  Imiik.  The  cut  at 
this  place  was  18  feet  deep  and  the  bottom  of  the  ditch  9  feet  above 


Fio.  IE.— Flexible  pipe  Joint  used  on  the  Mamie  ditch. 

the  ordinary  water  level  of  the  river.  One  hundred  and  seventy-five 
acres  are  irrigated  from  the  diteh,  but  it  has  a  capacity  of  200  acres. 
Tlie  chief  crops  are  cotton  and  com.  Cotton  averages  from  1^  to  2 
hales  and  costs  J1.25  a  bale  for  transportation  to  the  railroad.  Com 
brings  from  l."*  to  20  cents  more  a  bushel  than  at  tlie  markets  on  the 
railroad.  Sweet  potatoes  average  250  bushels  to  tlie  actf. 
The  ditch  ci'osses  four  streams,  Millers  Branch,  Temple  Branch, 
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Temple  Field  Creek,  and  Scalp  Creek.  At  first  the  old  form  of 
wooden  flume  was  used  across  these  creeks  and  branches,  the  chan- 
nels being  4  feet  wide  and  2  feet  deep,  but  the  excessive  heat  of 
summer  caused  constant  leaks  in  the  flumes,  and  they  were  finally 
abandoned  as  water  carriers.  The  sides  were  taken  off  and  the 
floors  were  left  as  supports  for  the  pipe  lines  which  were  substi-. 
tuted  to  carry  the  water  across  the  creeks.  To  counteract  the  expan- 
sion due  to  the  heat  a  flexible  joint,  shown  in  fig.  12,  was  designed  to 
connect  the  sections  of  the  pipe.  After  the  ends  were  brought 
together  several  inches  of  the  pipe  near  the  joint  was  heavily  coat-ed 
with  North  Carolina  tar,  heavy  canvas  was  wrapped  around  the  joint, 
the  whole  was  again  tarred,  and  the  canvas  was  securely  strapped  to 
the  pipes  by  wires  twisted  around  the  joint.  A  bulkhead  was  con- 
structed across  the  ditch  on  each  side  of  the  creeks  and  the  pipes  were 
bnilt  into  the  bulkheads.  At  Millers  Branch  the  flume  pipe  is  90  feet 
long,  18  inches  in  diameter,  and  has  a  fall  of  14  inches;  at  Temple 
Branch  the  length  of  the  pipe  is  50  feet,  its  diameter  15  inches,  and 
the  fall  9  inches;  the  Temple  Field  flume  pipe  is  125  feet  long  and  12 
inches  in  diameter,  and  the  fall  is  18  inches;  at  Scalp  Creek  the 
length  of  the  pipe  is  180  feet,  its  diameter  13  inches,  and  the  fall  18 
inches.  All  of  these  flexible  joints  and  pipe  flumes  have  proved 
eminently  satisfactory. 

Kitchen  ditch. — This  ditch  is  taken  out  6^  miles  below  Menard ville 
and  5^  miles  below  the  Sieker  or  Mamie  dam.  The  dam  is  of  brush, 
rock,  and  dirt,  about  75  feet  long  and  7  feet  high.  The  ditch  leading 
from  the  lake  formed  by  the  dam  is  4^  miles  long,  G  feet  wide,  and  2 
feet  deep.     Three  hundred  acres  were  irrigated  from  it  in  1902. 

Vanderstncken  system. — Twelve  miles  east  of  Menardville,  on  San 
Saba  River,  is  a  pumping  plant  owned  by  Emile  Vanderstticken, 
consisting  of  a  28-horsepower  steam  engine  operating  by  a  belt  a 
Van  Wie  centrifugal  pump  having  a  capacity  of  5,000  gallons  a  min- 
ute, or  11  second-feet,  with  a  lift  of  31  feet.  The  total  cost  of  the  plant 
was  $1,500.  No  rcvservoir  is  used,  the  water  being  carried  in  a  flume 
to  the  highest  point  on  the  land  and  distributed  by  ditches.  The 
flume  runs  along  a  ridge  for  150  feet  and  then  branches. 

Sloan  system. — At  Sloan,  San  Saba  County,  there  is  a  series  of  i)er- 
ennial  springs  that  gush  forth  from  the  foothills  near  San  Saba  River. 
Originally  the  water  ran  down  to  the  low  grounds  and  formed  a  pond, 
but  about  1870  a  ditch  was  constructed  along  the  foothills  to  the  river, 
which  took  the  water  away  from  the  pond,  and  it  soon  dried  up.  A 
stone  dam  200  feet  long  and  4  feet  high  was  built  to  deflect  the  water 
into  the  ditch.  The  ditch  shown  in  fig.  13  is  1  mile  long,  5  feet  wide, 
and  1  foot  deep.  The  former  pond  is  now  an  irrigated  farm,  through 
which  runs  a  long  sag.  To  convey  the  water  across  this  sag  a  rock 
race  and  a  pine  and  cypress  flume  are  used.  The  soil  is  a  rich,  black 
loam,  slightly  sandy.     The  crops  raised  are  cora,  cotton,  ribbon  cane. 
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and  sweet  potatoes.  The  yield  per  acre  is  generally  from  40  to  60 
bushels  of  corn,  from  1  to  2  bales  of  cotton,  about  290  gallons  of 
molasses,  and  from  150  to  300  bushels  of  potatoes.  The  ditch  is 
owned  by  Mr.  J.  A.  Sloan  &  Sons,  and  in  1902  it  irrigated  186  acres. 


Fio.  13.— Map  of  Sloan  irrigation  system. 

Doran  si/sk'fn, — St^venteen  niileH  west  of  the  town  of  San  Saba  is 
the  irrigation  plant  of  W.  R.  Doran.  The  water  is  drawn  from  the 
river  through  a  ditch  GOO  feet  long  into  a  pond  from  which  it  is 
pumped  into  the  flume.  A  10-horsepower  engine  runs  a  centrifugal 
pump    against  a    lift  of  28  feet,  delivering  2  cubic  feet  per  sec- 
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ond.     One  hundred  acres  (in  cotton,  millet,  cane,  and  corn)  are  to  be 
irrigated. 

West  &  Burnet  system. — Ten  miles  northwest  of  San  Saba  West  & 
Burnet  have  constructed  an  impounding  reservoir  of  an  estimated 
capacity  of  20,000,000  gallons,  by  making  a  dam  across  a  drainway. 
The  dam  is  705  feet  long,  14  feet  high,  and  cost  nearly  $1,000.  The 
ordinary  crops  will  be  irrigated  and  the  number  of  acres  the  canal 
will  serve  will  be  determined  by  trial. 

King  system, — ^Probably  the  oldest  irrigation  plant  in  the  San  Saba 
country  is  that  of  the  King  Sisters  (Larkin  King,  manager),  just  above 
Sloan,  on  the  south  side  of  the  river.  There  are  two  springs,  known 
as  the  Fleming  Springs,  that  issue  from  the  foothills  of  the  mountains 
and  supply  the  King  farm  with  sufficient  water  to  irrigate  40  acres. 

EUis  system. — Twelve  miles  above  San  Saba,  on  the  south  side  of 
the  river,  Robert  Ellis  oi)erates  a  pump  irrigation  plant,  which  was 
first  erected  late  in  the  season  of  1902.  A  stationary  tubular  25- 
horsepower  boiler  furnishes  steam  to  a  20-horsepower  engine,  which 
drives  a  6-inch  Rumsey  pump  against  a  lift  of  25  feet.  The  water  is 
pumped  out  of  a  walled-in  well  6  feet  in  diameter  and  19  feet  deep 
from  top  of  curbing,  the  well  being  supplied  from  the  San  Saba  River 
by  a  15-inch  wooden  pipe,  constructed  of  leveled  2  by  4  pine  lumber. 
The  water  is  pumped  into  a  canal  that  conveys  it  to  the  fields  one- 
fourth  mile  from  the  pump.  Ordinary  crops  of  corn,  cotton,  etc.,  are 
irrigated. 

Hawkins  system. — Eight  miles  above  San  Saba,  on  the  farm  of  Mrs. 
M.  E.  Cook,  Thomas  Hawkins  has  equipped  a  pumping  plant  by  a 
12-horsepower  charter  gasoline  engine,  which  runs  a  4-inch  vertical 
Van  Wie  centrifugal  pump  against  a  lift  of  33  feet.  The  plant  cost 
$825,  and  with  it,  by  the  use  of  $4  worth  of  oil,  6  acres  can  be  irrigated 
by  the  furrow  system  each  day.  By  this  plant  40  to  50  acres  can  be 
irrigated  each  season. 

Proposed  canal  system. — Many  surveys  have  been  made  with  the 
view  of  putting  in  an  irrigation  system  on  a  large  scale  in  the  San 
Saba  Valle}'.  Seventeen  miles  above  the  town  of  San  Saba,  at  the 
Narrows,  the  river  issues  from  the  canyons  which  it  has  traversed 
for  a  distance  of  60  miles,  from  a  point  about  12  miles  below  Menard- 
ville.  From  the  Narrows  to  the  junction  of  the  San  Saba  and  Colo- 
rado a  fertile  valley  on  each  side  of  the  San  Saba  River  could  easily 
be  brought  under  irrigation.  The  flow  of  the  San  Saba  at  the 
Narrows,  as  determined  by  two  measurements  in  June,  1902,  by  the 
writer,  at  a  time  when  no  rain  of  importance  had  fallen  in  its  water- 
shed for  two  years  previous,  was  found  to  be  24.5  second- feet.  To 
irrigate  the  42,000  acres  in  the  valley  below,  a  system  of  storage 
reservoirs  could  easily  be  constructed  by  putting  in  dams  across  the 
river  at  the  Narrows  and  near  the  mouth  of  Brady  Creek.  The 
deflecting  dam  at  the  Narrows  would  be  about  550  feet  long  and  60 
feet  high  to  fill  the  north  valley  canal,  which  would  bring  under 
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ditch  all  of  the  north  valley  between  Doran's  ranch  and  the  Colorado. 
Two  distinct  survej^s  have  been  made  by  independent  parties  with 
the  view  of  putting  in  a  complete  irrigation  system  in  this  valley. 
The  soil  is  rich,  and  the  possibility  of  irrigating  the  lands  in  the 
valley  by  storing  up  the  flood  waters  in  the  deep  canyons  offers  easy 
(jonstruction  for  the  prospectors.  Between  the  deflecting  dam  and 
Menardville  there  would  be  no  adverse  interest  to  complicate  the 
situation,  as  there  are  no  farming  lands  in  this  section  of  the  river  to 
be  covered. 

Systems  east  of  San  Saha, — Just  east  of  San  Saba  there  is  a  large 
tract  of  land  extending  from  the  mill  creek  that  skirts  the  town  to  the 
foothills  3  miles  east.  This  land  could  be  irrigated  easily,  and  offers 
an  inviting  field.  From  the  lake  formed  by  the  dam  across  the  creek 
a  stone  race  leads  out  into  a  ditch  that  commands  several  hundred 
acres.  The  ditch  is  2  miles  long  and  is  well  built,  as  is  shown  by  the 
substantial  flume  about  one-fourth  of  a  mile  from  the  dam,  which  was 
used  to  carry  the  water  across  a  sag.  This  ditch  has  not  been  utilized 
for  two  or  three  years,  but  it  is  reported  that  it  will  be  brought  into 
use  again  for  the  season  of  1902.  Near  the  foothills  east  of  San  Saba 
an  effective  spring,  known  as  the  Barnet  Spring,  furnishes  sufficient 
water  to  irrigate  the  lands  of  Hambert  Brothers  and  those  of  Mrs. 
Farrar.  The  ditch  is  a  small  surface  trench,  and  could  be  rendered 
much  more  effective  by  repairs. 

MaxtveU  system. — Twelve  miles  southeast  of  San  Saba,  on  Rough 
Creek,  Z.  T.  Maxwell  has  an  in'igated  farm  of  40  acres,  the  water  for 
which  is  supplied  by  perennial  springs  on  the  mountains.  The  water 
is  conveyed  from  the  springs  by  a  ditch  1,500  feet  long,  which  is  tapped 
by  three  side  ditches.  The  main  ditch  has  a  fall  of  1  foot  in  every  300, 
while  the  side  ditches  have  a  fall  of  1  foot  in  every  600.  The  soil  is 
partly  black  loam  and  partly  chalky  and  sandy.  The  farm  has  been 
in  operation  since  1880,  and  is  one  of  the  most  successful  in  Texas. 
The  crop  in  1901  was  distributed  as  follows:  Twenty-one  acres  of 
onions,  2  acres  of  cabbages,  2  acres  of  tomatoes,  10  acres  of  millet,  5 
acres  of  cane,  and  the  remainder  in  corn,  wheat,  etc.  A  second  crop 
is  raised  on  the  small-grain  and  the  onion  land.  In  1901  the  onion 
land  yielded  180  bushels  to  the  acre  and  a  second  crop  of  50  bushels 
of  peas  to  the  acre. 

Baker  system. — Near  Sloan  post-office,  on  Richland  Creek,  a  tribu- 
tary of  San  Saba  River,  about  30  miles  northwest  of  the  town  of  San 
Saba,  George  Baker  has  a  system  of  ditches  from  which  he  irrigates 
150  acres,  the  principal  crop  being  cotton.  The  water  is  taken  from 
the  Richland  Spring  by  a  cement  and  stone  dam  25  feet  long  and  5 
feet  high.  There  are  2  miles  of  ditches  on  both  sides  of  the  creek, 
the  width  and  depth  of  which  axe  4  feet  and  2  feet,  respectively.  The 
plant  was  inaugurated  in  1870,  and  the  yield  from  the  black  and  waxy 
valleys  on  each  side  of  the  creek  is  from  1^  to  2  bales  of  cotton  to  the 
acre. 
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There  are  several  small  irrigation  plan  to  in  Edwards  and  Uvalde 
counties,  on  the  prongs  of  Nueces  and  Frio  rivers,  in  the  vicinity  of 
Leakey,  Barksdale,  Vance,  Riofrio,  Montell,  and  Laguna.  The  fol- 
lowing x>crsons  have  irrigation  plants:  Tom  Woods  and  M.  Clymer, 
near  Rock  Springs;  W.  B,  Patterson  and  11.  Elms,  near  Leakey;  W.  D. 
Ilutcheson,  O.  A.  V.  Burr,  John  Nelson,  M.  Red,  J.  W.  Sparks,  W.  F. 
Woodward,  S.  W.  McLaughlin,  Mrs.  W.  A.  Connell,  W.  A.  Shockley, 
J.  K.  Lippard,  B.  F.  Casey,  J.  H.  Woods,  and  E.  M.  Jones,  near  Barks- 
dale;  Z.  H.  Pannell  and  A.  R.  Barker,  near  Vance;  W.  T.  Patterson, 
near  Riofrio;  J.  H.  Etheridge,  at  Montell,  and  William  Landrum,  at 
Laguna. 

Woods  system. — The  Tom  Woods  plant  is  a  small  one  on  the  Pul- 
liam  Prong  of  Nueces  River.  It  was  built  in  1883.  The  dam,  which 
is  150  feet  long  and  1^  feet  high,  deflects  the  water  into  the  ditch.  It 
is  made  of  logs,  rock,  and  dirt.  The  ditch  is  GOO  yards  long,  2^  feet 
wide,  and  1  foot  deep.  The  soil  is  black  alluvial  along  the  banks  of 
the  stream,  and  8  acres  are  irrigated  and  planted  in  com,  potatoes, 
cane,  and  Johnson  grass.  The  yields  per  acre  are  as  follows :  Thirty- 
three  bushels  of  com,  200  bushels  of  potatoes,  2  tons  of  cane,  and  from 
3  to  4  tons  of  Johnson  grass.  AlK)ut  1  acre  is  sublet  to  another  party 
for  a  garden. 

Clymer  system. — The  plant  of  M.  Clymer  was  constructed  in  1897, 
and  consists  of  a  ditch  1,300  feet  long,  2  f€*et  wide,  and  about  1  foot 
deep.  It  takes  its  water  direct,  without  the  aid  of- a  dam,  from  Hack- 
berry  Creek,  a  tributary  of  the  East  Prong  of  Nueces  River.  The 
soil  is  a  black  loam,  4  acres  of  which  are  irrigated  for  garden  truck. 

Hufcheson  system,. — W.  D.  Ilutcheson,  near  Barksdale,  has  two 
ditches,  both  of  which  take  their  water  from  the  South  Prong  of 
Campswood  Creek,  a  tributary  of  Nueces  River.  The  first  ditch  was 
taken  out  in  1889,  on  the  eiist  side  of  the  creek.  It  is  500  yards  long, 
2  feet  wide,  and  about  1  foot  deep.  It  takes  its  water  from  the  creek 
without  the  aid  of  a  dam.  The  second  ditch  was  built  in  1803,  on  the 
west  side  of  the  creek.  It  is  400  yards  long  and  of  the  same  general 
dimensions  as  the  first  ditch.  The  waU»r  is  deflected  into  it  by  a  rock- 
and-earth  dam  20  feet  long  and  3  feet  high.  The  first  ditch  irrigates 
7  acres  and  the  latter  13  acres.  The  soil  is  a  rich,  black  loam,  and 
readily  produces  40  bushels  of  corn  or  1  bale  of  cotton  to  the  acre. 

Nelson  system. — John  Nelson's  plant  was  inaugurated  about  ten 
years  ago.  It  is  near  the  post-oflBce  of  Barksdale,  on  the  South  Prong 
of  Campswood  Creek.  The  dam  is  of  logs,  stones,  and  earth,  is  30 
feet  long  and  4  feet  high,  and  deflects  the  water  into  the  ditch.  The 
latter  is  taken  out  on  the  left  bank,  is  GOO  yards  long,  25  feet  wide,  and 
about  1  foot  deep,  and  irrigates  150  acres  in  com,  potatoes,  and  cane, 
yielding  40  bushels  of  corn,  2S()  bushels  of  potatoes,  and  5  tons  of 
cane  to  the  acre. 
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Red  system. — The  ditch  of  M.  Red  is  on  the  South  Prong  of  Camps- 
wood  Creek,  near  the  Barksdale  post-office.  It  is  625  yards  long,  2i 
feet  wide,  and  of  an  average  deptli  of  1  foot.  It  was  constructed  in 
1890,  and  takes  the  water  from  the  stream  by  means  of  a  log,  stone, 
and  dirt  dam  18  feet  long  and  2^  feet  high.  Twenty-three  acres  of 
black,  porous  limestone  soil,  in  corn,  potatoes,  cane,  and  vegetables, 
are  irrigated.  The  yield  per  acre  is  40  bushels  of  com,  225  bushels 
of  sweet  potatoes,  and  5  tons  of  cane. 

Sparks  system, — The  ditch  of  J.  W.  Sparks  is  taken  out  just  below 
that  of  M.  Red,  but  on  the  opposite  side  of  the  creek.  It  is  2,100 
feet  long,  2  feet  wide,  and  1  foot  deep,  and  irrigates  22  acres.  The 
dam  is  made  of  logs,  stone,  and  dirt;  is  20  feet  long  and  2  feet  high. 
The  soil  is  black,  and  produces  1  bale  of  cotton,  40  bushels  of  corn, 
and  280  bushels  of  sweet  potatoes  to  the  acre. 

Woodward  system. — The  system  of  W.  F.  Woodward,  which  is  just 
below  that  of  Mr.  Sparks,  on  Campswood  Creek,  was  constructed  in 
1895,  and  irrigates  25  acres  of  black,  loose  limestone  soil  in  the  usual 
crops  of  this  section  (corn,  potatoes,  and  sorghum),  the  yield  per 
acre  being  40  bushels  of  com,  300  bushels  of  potatoes,  and  5  tons  of 
sorghum  hay.  The  dam  is  24  feet  long  and  2  feet  high,  aqd  deflects 
the  water  into  a  ditch  2,100  feet  long,  2^  feet  wide,  and  1  foot  deep. 
It  is  taken  out  of  the  left  bank,  but  crosses  to  the  right  bank. 

McLaughlin  system. — S.  W.  McLaughlin's  ditch  is  just  northwest 
of  that  of  W.  F.  Woodward,  and  takes  its  water  from  the  left  bank 
of  Campswood  Creek,  by  a  dam  of  logs,  stone,  and  dirt  40  feet  long 
and  3  feet  high.  The  ditch  is  1,950  feet  long,  2^  feet  wide,  and  1  foot 
deep.  The  soil  is  similar  to  that  of  the  preceding  plants,  14  acres  of 
which  are  irrigated  in  the  three  chief  crops  of  the  Barksdale  section — 
corn,  sweet  potatoes,  and  sorghum. 

ConneU  systevi. — On  the  farm  of  Mrs.  W.  A.  Council  there  occurs 
one  of  the  springs  (ConneU  Spring)  that  really  are  the  source  of  the 
water  of  the  upper  sections  of  Nueces  and  Frio  rivers.  Its  waters 
are  led  off  into  a  ditch  800  feet  long,  2^  feet  wide,  and  1  foot  deep, 
which  irrigates  24  acres,  in  com  and  potatoes.  The  spring  is  near  a 
stream,  and  the  ditch  runs  parallel  to  the  stream  for  about  half  its 
length  and  then  crosses  by  a  flume  to  the  right  bank. 

ShocMey  system,. — The  next  ditch  below  that  of  Mrs.  Connell,  on 
the  short  spring  branch  that  is  tributary  to  the  East  Nueces,  is  that 
of  W.  A.  Shockley.  The  water  is  taken  from  the  branch  by  means 
of  a  dam  of  logs,  stone,  and  dirt  20  feet  long  and  2  feet  high.  The 
ditch  is  2,700  feet  long,  3  feet  wide,  and  1  foot  deep.  The  system  was 
constructed  in  1894,  and  50  acres  are  irrigated,  the  yield  being  35 
bushels  of  corn,  275  bushels  of  potatoes,  and  5  tons  of  cane  to  the 
acre.  Messrs.  Woodward  and  Cunningham  are  joint  owners  with 
Mr.  Shockley. 

Lippard  system. — The  plant  of  J.  K.  Lippard,  at  Barksdale  post- 
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office,  was  erected  in  1892,  and  consists  of  a  stone-and-dirt  dam  15 
feet  long  and  1  foot  high  aci'oss  Campswood  Creek  and  a  ditch  1,500 
feet  long,  2  feet  wide,  and  1  foot  deep.  This  plant  irrigates  12  acres 
of  the  black,  porous  limestone  soil  planted  in  corn,  sweet  potatoes, 
and  sorghum,  producing  35  bushels  of  corn,  275  bushels  of  potatoes, 
and  5  tons  of  cane  to  the  acre.  The  ditch  is  taken  out  of  the  left 
bank  of  the  stream,  but  crosses  the  creek  by  a  flume,  thus  irrigating 
land  on  both  sides. 

Casey y  Taylor^  and  Qrdham  system. — B.  F.  Casey,  M.  M.  Taylor, 
and  Oscar  Graham  (Barksdale)  are  the  joint  owners  of  a  ditch  that 
was  constructed  in  1898  to  take  water  from  a  short  spring  branch 
tributary  to  the  East  Nueces.  The  ditch  is  1^  miles  long,  4  feet 
wide,  and  2  feet  deep,  and  irrigates  40  acres,  the  yield  per  acre  being 
40  bushels  of  com  and  1  bale  of  cotton.  The  dam  is  of  logs  and  dirt, 
40  feet  long  and  3  feet  high. 

Burr  and  Woods  systems, — On  the  PuUiam  Prong  of  the  Nueces 
O.  A.  V.  Burr  and  J.  H.  Woods  each  took  out  a  ditch  in  1899.  That 
of  the  former  is  a  half  mile  long,  2  feet  wide,  and  2  feet  deep,  and 
irrigates  50  acres  of  black  bottom  land,  which  yields  30  bushels  of 
com,  1  bale  of  cotton,  5  tons  of  cane,  and  280  bushels  of  sweet  pota- 
toes to  the  acre.  The  dam  is  of  rock,  150  feet  long  and  6  feet  high. 
About  one-fourth  mile  below  the  Burr  dam  is  the  dam  of  Mr.  Woods. 
It  is  of  logs,  dirt,  and  brush,  50  feet  long  and  2  feet  high.  The  12 
acres  irrigated  produce  the  usual  yield  of  com,  cane,  and  potatoes. 

Jones  systems. — E.  M.  Jones,  at  Barksdale,  built  two  small  ditches 
in  1893.  The  upper  is  600  feet  long,  2  feet  wide,  and  1  foot  deep,  and 
irrigates  2  acres.  The  brush-and-dirt  dam  is  JO  feet  long  and  3  feet 
high.  The  lower  ditch  is  of  the  same  length  and  dimensions  and 
irrigates  the  same  amount  of  land  as  the  upper  ditch. 

Elms  system. — The  system  of  H.  Elms  is  near  Leakey,  on  the  Rio 
Frio.  It  was  constructed  in  1894,  and  consists  of  a  ditch  on  the  east 
side  of  the  river  1^  miles  long,  4  feet  wide,  and  2  feet  deep.  The  dam 
is  of  dirt  and  stone,  40  feet  long  and  1  foot  high.  Forty  acres  of  corn, 
cotton,  and  sorghum  are  irrigated,  yielding  the  usual  quantities  for 
this  section. 

Patterson  systems. — About  4  miles  northeast  of  Leakey  W.  B.  Pat- 
terson has  a  brush-and-stone  dam  across  the  Rio  Frio  45  feet  long  and 
2  feet  high,  built  in  1896.  This  supplies  a  ditch  2  miles  long,  with  a 
top  width  of  5  feet,  a  bottom  width  of  3  feet,  and  a  depth  of  3  feet. 
It  was  first  used  in  1897,  and  commands  300  acres,  125  of  which  have 
been  cultivated.  Near  Riofrio,  just  across  the  line  in  Bandera 
County,  is  the  Patterson  ditch,  owned  by  a  company  composed  of 
three  men.  It  was  constructed  in  1868,  is  2  miles  long,  5  feet  wide, 
and  of  a  depth  varying  from  3  to  4  feet.  The  dam  is  of  brush  and 
gravel,  30  feet  long  and  4  feet  high.  The  soil  is  black  and  sandy, 
and  under  irrigation  is  very  productive.     In  1901  about  700  acres  of 
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cotton,  eorn,  oats,  and  garden  truck  were  irrigated.  The  yields  per 
acre  were  1  bale  of  cotton,  45  bushels  of  com,  20  bushels  of  wheat, 
and  75  bushels  of  oats. 

Etheridge  system. — At  Montell,  on  the  Upper  Nueces,  Mr.  J.  H. 
Etheridge  is  the  owner  and  operator  of  the  Casa  Blanca  Irrigation  and 
Mill  ditch,  which  was  constructed  in  1894;  it  is  2^  miles  long,  6  feet 
wide,  7  feet  deep  for  the  first  half  mile,  and  from  2  to  3  feet  deep  for 
the  next  2  miles.  Water  is  taken  from  Nueces  River  bv  a  dam  of 
loose  rook,  which  raises  the  water  to  the  ditch.  The  dam  is  300  feet 
long  and  from  2  to  3  feet  high.  The  soil  irrigated  is  rich  alluvial,  and 
corn  yields  40  bushels  and  cotton  three-fourths  of  a  bale  to  the  acre. 
During  the  season  of  1901  this  ditch  irrigated  100  acres. 

Landrum  system, — The  plant  of  William  Landrum  is  near  Laguna. 
The  source  of  supply  is  five  large  springs,  which  have  been  forced 
into  one  by  means  of  dams.  The  dams  range  in  length  from  30  to 
100  feet  and  in  height  up  to  6  feet.  Some  of  them  are  of  rock,  others 
of  clay.  The  water  of  the  springs  is  forced  into  a  ditch  three-fourths 
of  a  mile  long,  4  feet  wide,  and  2  feet  deep,  and  is  capable  of  irrigat- 
ing more  than  100  acres,  although  only  30  acres  are  usually  irrigat^ed. 
The  system  was  constructed  in  1894  and  1895. 

KERR  COUNTY. 

In  Kerr  County,  on  the  headwaters  of  Guadalupe  River,  there  are 
a  few  small  plants.  That  of  Robert  Tedford,  near  the  post-office  of 
Japonica,  takes  its  water  from  Honey  Creek  by  means  of  a  loose-stone 
dam  15  feet  long  and  2  feet  high.  The  ditch  is  900  feet  long,  1^  feet 
wide,  and  about  1  foot  in  depth,  and  irrigates  4  acres  of  tomatoes, 
onions,  sweet  potatoes,  etc. 

The  plant  of  Silas  Welch,  near  the  post-office  of  Mountain  Home, 
takes  its  water  from  a  spring  by  means  of  a  rock  dam  40  feet  long  and 
2i  feet  high.  The  ditch,  constructed  in  1901,  is  6,000  feet  long,  3  feet 
wide,  and  about  1  foot  deep,  irrigating  8  acres  of  corn  and  garden 
truck. 

Kaiser  system, — W.  C.  Kaiser  early  in  1902  installed  a  pump  plant 
a  mile  below  Mountain  Home,  on  the  left  bank  of  Johnson  Fork.  A 
16-hor8epower  gasoline  engine  operating  a  centrifugal  pump  against 
a  lift  of  25  feet  irrigates  about  50  acres  in  the  ordinary  crops.  This 
plant  paid  for  itself  in  one  season. 

ThrailkiU  system, — W.  F.  Thrailkill,  just  below  Mountain  Home, 
irrigates  10  acres  from  Smith  Branch,  a  tributary  of  Johnson  Fork  of 
the  Guadalupe.  A  small  plank  dam  1  foot  high  deflects  the  water 
into  the  ditch. 

KIMBLE  AND  EDWARDS  COUNTIES. 

Irrigation  in  Kimble  County  is  chiefly  confined  to  the  valleys  of  the 
creeks  tributary  to  Llano  River  and  its  two  branches,  the  North  Llano 
and  the  South  Llano.  This  is  due  to  the  great  violence  of  the  river 
during  high  stages  and  the  consequent  difficulty  of  building  dams  and 
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maintaining  ditches.  Capt.  C.  K.  Gordon's  is  the  only  plant  that 
takes  its  water  direct  from  the  river.  There  are  no  "company" 
ditches  in  the  county;  in  some  instances  two  or  three  men  have 
formed  partnerships,  but  all  the  plants  are  small.  Few  of  them 
water  more  than  20  or  25  acres,  while  the  average  number  of  acres 
watered  is  much  smaller.  There  are  thousands  of  acres  lying  along 
the  river  and  its  larger  tributaries  that  might  be  irrigated  if  sufficient 
capital  were  employed  to  successfully  dam  the  river  and  use  the  water 
on  a  large  scale. 


Fig.  14.— Map  of  Kimble  County  Irrigatioii  systems. 

The  following  brief  descriptions  of  the  plants  in  Kimble  County 
(see  fig.  14)  begin  at  the  eastern  end  of  the  county  and  proceed  west- 
ward.    The  plants  are  described  in  order  downstream. 

JOHNSON  FORK  OF   LLANO   RIVER. 

The  first  stream  on  which  there  are  irrigation  plants  is  the  Johnson 
Fork  of  the  Llano,  which  joins  the  river  about  5  miles  below  Junction 
City.     There  are  four  plants  on  this  stream,  as  follows: 

Moos  system. — W.  G.  Moos's  plant  is  three-fourths  of  a  mile  from 
the  mouth  of  the  Joy  Branch,  a  small  tributary  of  the  Johnson  Fork, 
about  11  miles  above  its  mouth.  It  takes  the  water  from  the  right 
bank  of  the  Joy  Branch,  by  means  of  an  earth-stone-timber  dam  60 
feet  long  and  3  feet  high.  Thence  the  water  is  conducted  along  the 
right  bank  about  200  yards,  and  then  is  flumed  to  the  left  bank.  The 
ditch  is  a  fourth  of  a  mile  long,  1  foot  deep,  and  flows  at  an  average 
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depth  of  1  foot.  Eighteen  acres  are  irrigated.  The  principal  crop  is 
corn,  which  produces  about  30  bushels  to  the  acre.  Oats,  wheat,  cane, 
sweet  potatoes,  alfalfa,  and  garden  vegetables  are  also  grown.  The 
yield  of  oats  is  about  40  bushels  to  the  acre,  and  of  wheat  about  20 
bushels.  The  cost  of  the  dam  was  $25,  of  the  ditch  $25.  The  dam 
was  first  built  by  John  Joy,  prior  to  1879. 

Rembold  system. — P.  J.  Rembold's  plant  is  a  little  more  than  a  half 
mile  below  the  one  just  described,  and  is  also  on  the  Joy  Branch.  It 
was  built  by  John  Joy,  prior  to  1879.  The  dam  is  60  feet  long,  of 
rock  and  gravel,  and  raises  the  water  about  1  foot.  The  ditch  is  300 
yards  long,  3  feet  wide,  and  flows  at  a  depth  of  18  inches.  Last  year 
(1901)  Mr.  Rembold  irrigated  only  3  or  4  acres,  but  there  are  67 
acres  of  cultivated  land  within  reach  of  the  ditch.  As  manv  as  20 
acres  have  been  irrigated  within  recent  years.  Besides  a  garden  the 
crop  consists  solely  of  Johnson  grass.  The  cost  of  the  dam  was  about 
$10,  of  the  ditch  $75. 

Long  system, — A.  B.  Long's  plant  is  about  4  miles  farther  down 
the  Johnson  Fork.  The  water  is  raised  3^  feet  by  means  of  a  75-foot 
timber  dam,  consisting  of  upright  timl)ers  held  in  place  by  cedar 
posts  and  filled  above  with  stones,  gravel,  and  earth.  Power  is 
obtained  by  means  of  an  undershot  water  wheel  8  feet  in  diameter 
and  5  feet  long,  operating  two  6-inch  force  pumps  of  the  walking- 
beam  pattern,  which  raise  the  water  40  feet,  through  100  feet  of  5-inch 
iron  pipe,  to  a  flume.  The  flume  conveys  the  water  100  feet,  to  a 
ditch  li  feet  wide,  which  carries  it  600  feet  farther,  or  to  the  field. 
Only  5  acres  are  irrigated,  and  only  vegetables  and  fruits  will  be 
grown.  It  is  interesting  to  note  that  an  experiment  is  being  made 
with  strawberries.  The  cost  of  the  dam  was  $50,  of  the  flume  and 
ditch  $54,  of  the  pipe  $100,  of  the  pumps  $36,  of  the  wheel  $100,  mak- 
ing a  total  of  $340.  The  plant  was  constructed  about  1898.  This 
plant  was  recently  sold  to  J.  B.  BuUard. 

Owens  sy stern. — Eight  miles  from  Junction  City  W,  J.  Owens  oper- 
ates a  small  pump  plant,  on  the  left  bank  of  Johnson  Fork  of  the 
Llano.  A  12-horsepower  steam  engine  operates  a  3i-inch  centrifu- 
gal pump  against  a  small  lift  and  irrigates  a  garden.  This  could 
easily  be  made  to  bring  200  acres  under  irrigation. 

^ Armstrong  sy stein. — G.  R.  Armstrong's  plant  is  on  the  Johnson 
Fork,  about  3^  miles  above  its  mouth.  By  means  of  a  dam  86  feet 
long  the  water  is  raised  5^  feet.  A  race  86  chains  long  conducts  it  to 
a  IS^^-inch  turbine,  which  operates  a  No.  4  submerged  centrifugal 
pump.  The  pump  raises  the  water  20  feet,  at  the  rate  of  600  gallons 
a  minute  (IJ  second-feet).  A  reservoir  4^  feet  deep,  scraped  out  of 
the  earth,  and  covering  1  acre,  receives  the  water  and  distributes  it 
to  the  field  through  a  ditch  a  half  mile  long.  Sixty-five  acres  of  black 
loam  are  irrigatx^d.  The  crop  consists  solely  of  alfalfa,  which  is 
grown  for  home  use.     The  cost  of  the  entire  plant  was  $1,200. 
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CEDAR  CREEK. 

Cedar  Creek,  which  flows  into  the  South  Llano  about  1  mile  south- 
west of  Junction  City,  furnishes  water  for  four  plants,  as  follows: 

Allen  &  KeUey  systems. — J.  A.  Allen  and  W.  H.  Kelle}'  own  the 
first  plant  in  partnership.  It  was  constructed  by  J.  H.  Clements,  and 
was  completed  in  1897.  The  ditch  is  three-fourths  of  a  mile  long, 
about  3  feet  wide,  and  the  water  flows  at  an  average  depth  of  10 
inches.  It  takes  water  from  one  of  the  head  springs  of  Cedar  Creek, 
by  means  of  a  very  simple  dam  of  earth,  logs,  and  stone.  The  dam 
is  about  18  feet  long  and  2|  or  3  feet  high.  Immediately  on  leaving 
the  dam  the  water  is  flumed  across  Cedar  Creek,  to  the  right  bank, 
and  soon  branches.  One  of  the  branches  is  flumed  across  the  creek, 
and  after  watering  a  small  field  is  allowed  to  return  to  the  creek. 
The  other  branch,  at  the  point  of  separation,  is  flumed  across  a  small 
draw,  and  after  watering  several  small  fields  empties  into  the  main 
ditch.  Twenty  acres  oi  black  soil  are  irrigated,  usually  planted  in 
corn,  oats,  wheat,  and  cane.  The  yield  of  corn  is  about  40  bushels 
to  the  acre,  of  oats  60  bushels,  and  of  wheat  23  bushels.  The  dam 
is  about  5  miles  above  Junction  City. 

J.  A.  Allen  and  E.  F.  Kelley  own  the  next  plant,  which  is  about  a 
half  mile  below  the  one  just  described.  This  was  the  first  dam  built 
on  the  creek,  being  constructed  about  1892.  It  is  60  feet  long  and  is 
made  of  stone  to  a  height  of  4  feet.  The  ditch  is  three-fourths  of  a 
mile  long  and  3  feet  wide,  and  carries  a  stream  about  10  inches  deep. 
The  water  is  taken  from  the  right  bank  of  the  ci-eek  about  a  half  mile 
below  the  plant  just  described,  waters  a  small  field,  is  fiumed  across 
the  creek  and  waters  a  second  field,  is  again  flumed  to  the  right  bank, 
and  after  watering  a  few  acres  is  once  more  carried  to  the  left  bank 
and  the  remaining  water  is  distributed  through  the  largest  of  the 
fields  belonging  to  the  system.  The  large  amount  of  fluming  in  this 
and  the  J.  A.  Allen  and  W.  H.  Kelley  plant  is  made  necessary  by  the 
sharp  bends  of  the  creek  and  by  the  precipitous  bluffs.  Thirty-three 
acres  are  irrigated,  8  acres  belonging  to  Mr.  Allen  and  25  acres  to  Mr. 
Kelley.     Com  and  wheat  are  the  chief  crops. 

Jarvis  &  Hodges  system, — R.  L.  Jarvis  and  G.  W.  Hodges  own  the 
next  plant,  which  is  about  1^  miles  downstream.  The  dam,  which  has 
just  been  replaced,  consists  of  walnut-log  pens  securely  bolted  together 
and  filled  with  stones.  There  are  seven  sections  10  feet  long  and  two 
sections  8  feet  long,  all  6  feet  wide.  The  upstream  side  is  filled  with 
gravel.  The  dam  is  86  feet  long  and  4  feet  high.  The  ditch  is  80 
chains  long,  3  feet  wide,  and  carries  6  inches  of  water.  It  emerges 
on  the  right  bank  of  the  stream  and  continues  on  that  side.  Forty- 
four  acres  are  irrigated,  19  l)elonging  to  Jarvis,  and  lying  nean^st  the 
(lam,  and  25  belonging  to  Hodges.  Tlu^  cr()[)s  are  corn,  potatoes, 
wheat,  and  oats — chiefly  corn,  which  yields  about  40  bushels  to  the 
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acre.     The  cost  of  the  dam  was  $40;  the  expense  of  maintaining  is 
about  $40  a  year. 

Taylor  system. — W.  W.  Taylor's  plant  is  just  above  the  mouth  of 
CiHlar  Creek.  The  dam  is  60  feet  long  and  3  feet  high,  built  log-pen 
style,  and  filled  with  stones  and  earth.  The  ditch  is  2  miles  long,  2i 
feet  wide,  and  carries  8  inches  of  water.  It  is  on  the  left  bank  of 
Cedar  Creek.  It  divides  about  600  3'ards  after  leaving  the  creek,  and 
one  branch  is  flumed  75  yards,  to  the  right  side,  where  it  waters  the 
smaller  field.  Seven  acres  are  irrigated.  The  crops  are  chiefly  com 
and  potatoes.  A  garden  is  also  watered.  The  cost  of  the  dam  was 
$25;  the  cost  of  the  ditch,  $300.  The  plant  was  constructed  by  Z.  I., 
J.  B.,  and  J.  A.  Williams,  about  1896. 

BAILEY  GREEK. 

Jenson  system, — On  Bailey  Creek,  which  flows  into  the  Soulh  Llano 
about  10  miles  above  Junction  City,  is  W.  J.  Jensen's  plant.  There 
is  no  dam,  the  water  being  taken  direct  from  a  spring  on  the  left  bank 
of  the  creek  and  carried  in  a  flume  across  the  creek  and  for  about  350 
yards  along  the  left  bank,  where  it  divides.  One  branch  is  carried  to 
a  field  on  the  right  bank  and  the  other  across  the  creek  again,  in  a  Si- 
inch  iron  pipe,  and  waters  a  field  on  the  left  bank.  Only  4  or  5  acres 
are  irrigated.  Cane,  corn,  sweet  potatoes,  and  garden  vegetables  are 
grown.  The  flume  carries  about  40  gallons  a  minute  (one-tenth  of  a 
second-foot).     The  total  cost  of  the  plant  was  $100. 

KYAC   (CAJAC)    CREEK. 

Kyac  (or  Cajac)  Creek,  which  flows  into  the  South  Llano  from  the 
left  side,  is  the  next  stream  that  is  used  for  irrigation.  Four  systems 
take  water  from  this  creek,  as  follows: 

Dupiiy  system. — Maj.  R.  T.  Dupuy's  plant  is  about  2  miles  from  the 
mouth  of  tlie  creek.  There  is  no  dam.  The  water  is  taken  from  a 
spring  on  the  left  bank  of  the  creek,  is  flumed  to  the  right  bank,  and 
is  then  carried  by  a  3-inch  pipe  to  the  field  about  500  yards  below. 
Seven  acres  are  irrigated.  The  crops  are  oats  and  cane;  a  garden  is 
also  watered.  The  cost  of  the  ditch  was  $30.  The  plant  was  con- 
structed about  1883. 

G~riffith  system. — S.  A.  Griffith's  plant  is  about  a  half  mile  below  the 
Dupuy  plant.  A  lumber  dam  50  feet  long  raises  the  water  2  feet.  The 
ditch  is  a  half  mile  long,  2  feet  wide,  and  carries  w^ater  to  a  depth  of 
6  inches.  The  water  is  taken  from  the  right  bank  of  the  creek,  but  i.s 
soon  flumed  to  the  left  bank,  where  it  waters  two  small  fields  of  12  and 
4  acres,  respectively.  The  crops  are  chiefly  wheat,  corn,  and  vege- 
tables. It  is  interesting  to  note  that  ribbon  cane  is  successfully  grown 
on  a  small  scale.  A  yield  of  200  gallons  wjis  raised  from  half  an  acre. 
This  crop  sells  at  50  cents  a  gallon.     The  cost  of  the  dam  was  $25;  the 
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cost  of  the  ditch  $150.  The  plant  was  constructed  by  Q.  Lowe  in  the 
eighties. 

Bishop  system. — J.  L.  Bishop's  plant  is  a  half  mile  below  Griffith's. 
The  dam  is  of  stone,  earth,  and  brush,  40  feet  long  and  18  inches  high. 
The  ditch  is  a  half  mile  long,  2  feet  wide,  and  carries  a  stream  6  inches 
in  depth.  The  water  is  taken  from  the  right  bank  of  the  creek. 
About  600  yards  below  the  dam  the  ditch  branches,  one  branch  water- 
ing two  fields  near  the  point  of  separation,  the  other  branch  being 
flumed  106  feet  across  to  the  left  bank,  where  it  waters  a  third  field. 
Fourteen  acres  of  black  loam  are  irrigated.  The  crops  are  sweet  pota- 
toes, corn,  oats,  millet,  ribbon  cane,  and  cotton.  The  noticeable  fea- 
ture about  this  plant  is  that  1^  acres  were  planted  in  cotton  last  year 
and  one-fourth  of  an  acre  in  ribbon  cane,  unusual  crops  in  this  county. 
The  li  acres  of  cotton  produced  one  bale ;  the  yield  of  the  cane  was 
about  the  same  as  on  Griffith's  farm.  The  cost  of  the  dam  was  $10; 
the  cost  of  the  ditch  $160. 

Ccdentiiie  system. — F.  L.  Calen tine's  plant  (on  Mrs.  Wooten's  farm) 
is  at  the  mouth  of  Kyac  Creek.  The  dam,  which  is  of  logs,  stone,  and 
brush,  is  80  feet  long  and  H  feet  high.  The  ditch  is  one-fourth  of  a 
mile  long,  2^  feet  wide,  and  carries  a  stream  5  inches  deep.  The  water 
is  taken  from  the  right  bank  of  the  creek,  is  fiumed  120  feet,  to  the 
left  bank,  and  distribute<l  to  a  field  which  lies  along  the  South  Llano. 
Twenty-five  acres  are  irrigated,  though  100  acres  could  with  little 
trouble  be  put  under  the  ditch.  The  chief  crop  is  corn,  35  or  40 
bushels  of  which  were  raised  in  1900  on  the  irrigated  land  of  this 
farm,  while  only  15  or  16  bushels  were  raised  on  the  nonirrigated  land. 
The  cost  of  the  dam  was  $5;  the  cost  of  the  ditch  |;100.  The  system 
was  constructed  in  the  eighties. 

FLEMMING  BRANCH. 

Flejtmiing  system. — ().  B.  Flemming's  plant  is  on  the  Flemming 
Branch,  a  short  distance  above  the  confluence  of  that  stream  with  the 
South  Llano  and  about  15  miles  alcove  Junction  City.  His  largest 
field  lies  along  the  Llano.  The  dam,  which  is  of  earth,  logs,  and 
stones,  is  20  feet  long  and  raises  the  water  1  foot.  The  ditch  is  a  half 
mile  long,  2  feet  wide,  and  flows  to  an  average  depth  of  0  inches. 
The  water  is  taken  from  the  right  bank  of  the  stream,  is  conveyed 
about  300  yards  along  the  right  bank,  and  then  the  ditch  divides,  one 
stream  being  flumed  across  to  the  left  bank,  where  it  waters  a  field  of 
5  acres,  the  other  stream  irrigating  a  field  of  30  acres.  The  crops  are 
corn,  oats,  cane,  alfalfa,  and  a  garden.  The  cost  of  the  dam  was 
trivial;  the  cost  of  the  ditch  was  $75.  The  plant  was  constructed  m 
1890. 

LITTLE   PAINT   CREEK. 

Dougherty  system. — The  next  plant  in  this  vicinity  is  on  what  is 
known  as  the  A.  H.  D.  Dougherty  place,  at  present  (1902)  occupied 


48  IBRIGATION   SYSTEMS   OF   TEXAS.  [no.  7L 

by  G.  F.  Wood.  An  earth-and-stone  dam  50  feet  long  raises  the  water 
1  foot.  The  ditch  is  three-fourths  of  a  mile  long,  2  feet  wide,  and 
carries  a  flow  6  inches  deep.  The  water  is  taken  from  the  east  bank 
of  Little  Paint  Creek,  which  flows  into  the  South  Llano  from  the  left 
bank,  about  1^  miles  above  its  confluence  with  the  South  Llano.  A 
large  tank,  constructed  by  throwing  up  embankments  of  earth,  affords 
a  storage  reservoir  100  feet  long,  20  feet  wide,  and  2i  feet  deep. 
Twenty-five  acres  are  irrigated.  The  chief  crop  has  been  com,  which 
yields  50  bushels  to  the  acre.  Twenty  acres  of  cotton  are  to  be  planted 
in  1901 .     The  cost  of  the  dam  was  small ;  the  cost  of  the  ditch  was  $150. 

SOUTH  LLANO  RIVER. 

Baldwin  system. — ^J.  A.  Baldwin  has  two  small  plants  on  the  left 
bank  of  the  South  Llano,  about  13  miles  above  Junction  City.  One 
of  these  plants  makes  use  of  a  spring  and  has  no  dam  and  no  ditch. 
A  one-half -acre  garden  is  irrigated.  The  other  plant  has  a  dam  10 
feet  long  across  a  small  spring  branch  which  raises  the  water  1  foot. 
There  are  100  yards  of  ditch  1  foot  deep.  Two  acres  of  cane  and  com 
are  irrigated.     The  cost  of  the  dam  and  ditch  was  trifling. 

Hunger  system. — T.  Hunger  has  a  small  plant  on  the  Ford  Hollow 
Spring,  a  short  distance  from  the  South  Llano  and  about  13  miles 
from  Junction  City.  The  water  is  taken  directly  from  the  spring, 
and  is  conveyed  1,150  feet,  in  a  flume,  to  the  garden  irrigated.  The 
flow  is  about  15  gallons  a  minute.  A  1-acre  garden  is  irrigated, 
from  which  Mr.  Hunger  derives  a  profit  of  about  $250  a  year.  The 
flume  cost  tlb.     The  plant  was  constructed  in  1896. 

Taylor  system. — T.  C.  Taylor's  plant  is  17  miles  above  Junction  City 
on  the  South  Llano,  thougli  it  does  not  take  its  water  from  the  river. 
It  is  the  last  plant  in  Kimble  County  on  the  South  Llano.  The  dam, 
which  is  of  stone,  is  5  or  6  feet  long  and  raises  the  water  about  10 
inches.  The  water  is  taken  from  the  Christmas  Spring,  on  the  left 
bank  of  the  South  Llano,  and  is  carried  under  the  river  to  the  right 
bank  in  an  iron  pipe  300  feet  long,  and  thence  to  the  ditch  through 
1,326  feet  of  8-inch  sewer  pipe.  The  ditch  distributes  it  immediately 
to  two  fields  of  14  and  11  acres,  respectively.  The  principal  crops 
grown  are  com  and  cane,  which  are  used  at  home  for  feed.  The  com 
yields  40  bushels  an  acre.  The  cost  of  the  dam  was  trivial;  the  cost 
of  the  iron  pipe,  $225;  the  sewer  pipe,  $331.  The  plant  was  con- 
structed about  1892.  Until  the  spring  of  1901  Mr.  Taylor  used  a  flume 
instead  of  the  8-inch  sewer  pipe. 

Barrett  &  Stephensmi  system. — C.  C.  Barrett  and  W.  M.  Stephenson 
own  a  plant  about  2^  miles  above  Taylor's  plant,  just  described,  in 
Edwards  County,  about  2  miles  across  the  Kimble  County  line. 
There  is  no  dam,  the  water  being  taken  directly  from  a  number  of 
beautiful  springs  which  issue  from  the  blufl!  on  the  left  side  of  the 
South  Llano.     As  a  rule  the  bluff  is  too  precipitous  to  permit  the  con- 
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struction  of  a  ditch,  hence  the  water  is  carried  in  a  flume  a  large  por- 
tion of  the  distance  to  the  field,  a  tract  of  25  acres  about  1  mile  down 
the  river.  The  principal  crops  are  corn,  wheat,  and  cane.  The  cost 
of  the  flume  and  ditch  was  1200.  It  was  constructed  about  1895. 
This  farm  has  only  recently  been  purchased  by  Messrs.  Barrett  and 
Stephenson,  and  is  generally  known  as  the  Black  Place.  The  present 
owners  intend  to  construct  a  new  plant  this  summer  (1901).  They 
purpose  to  build  a  4-foot  dam  across  the  Llano  and  use  an  8-foot  by 
10-foot  water  wheel  for  power.  This  will  operate  an  elevator  pump 
to  raise  the  water.     Twenty-eight  acres  will  be  irrigated. 

Huffman  system. — One  mile  above  Barrett's,  on  the  South  Llano,  in 
Edwards  County,  is  the  plant  of  M.  Huffman.  There  is  no  dam.  The 
water  is  taken  from  a  spring  on  the  left  bank  of  the  river.  The  ditch 
Ls  300  yards  long,  2  feet  wide,  and  carries  a  stream  1  foot  in  depth. 
Seven  acre^  are  irrigated.  Corn  is  the  sole  crop.  The  yield  is  40  or 
50  bushels  to  the  acre.  The  cost  of  the  ditch  was  175.  It  was  con- 
structed by  Henr}'  Baldwin  about  1895. 

BEAK  ('REEK. 

There  are  several  i)lants  on  Bear  C'reek,  a  tributary  of  the  South 
Llano,  as  follow^s: 

Hall  system, — The  first  plant  in  order  coming  down  East  Bear  Creek 
belongs  to  Fred  S.  Hall.  It  is  about  13^  miles  above  Junction  City. 
The  water  is  raised  4  feet  by  means  of  a  timber  dam,  consisting  of 
upright  timbera  held  in  place  by  cedar  posts  and  filled  with  earth  on 
the  upj>er  side.  Below  the  dam  the  water  falls  on  a  cushion  of  cedar 
logs  arranged  parallel  to  the  course  of  the  stream.  The  dit<5h  is  a  half 
mile  long  and  3  feet  wide.  The  water  flows  about  9  inches  deep,  and 
irrigates  a  field  of  sandy  loam  containing  about  9  acres.  Last  year 
(1900)  the  following  crops  were  raised :  Alfalfa  and  oats,  3  acres;  gar- 
don,  1  acre;  orchard,  2  acres;  bermuda  grass,  1^  acres;  sweet  pota- 
toes, 2  acres.  The  sweet  i)otatoes  yielded  300  bushels  t^  the  acre,  and 
were  sold  on  the  8iK)t  at  50  cents  a  bushel.  The  plant  is  now  being 
enlarged  and  will  be  finished  in  time  to  inigate  the  1901  crop.  About 
800  yards  below  the  dam  is  a  branch  ditch,  which  will  be  carried  across 
the  creek  by  means  of  475  feet  of  10-inch  drain  i)ipe  laid  under  the 
creek.  This  will  enable  him  to  irrigat^e  a  field  of  20  acres  on  the  left 
si(l(»  of  the  creek.  The  cost  of  the  dam  was  $150;  of  the  old  ditch, 
$100,  and  of  piping  and  new  ditch,  ^5150.  The  X)lant  was  constructed 
in  1805. 

Reid  system. — J.  II.  Reid's  plant  is  on  West  Bear  Creek,  about  16 
miles  above  Junction  City.  The  water  is  raised  18  inches  by  means 
of  a  common  earth  dam  about  25  feet  long.  It  is  then  carried,  at  a 
depth  of  4  inches,  through  a  ditch  12  inches  wide  and  a  half  mile  long 
to  a  small  field  of  8  acres  (in  two  patches).  The  crops  raised  in  1900 
were  corn,  2J  acres;  sorghum,  2^  acres;  potatoes,  onions,  etc.     The 
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cost  of  the  dam  was  probablj'  not  more  than  $5 ;  of  the  ditch,  about 
•50.     The  ditch  is  on  the  right  bank  of  the  stream. 

D,  L.  Stewart  systevi, — D.  L.  Stewart's  dam  is  about  1  mile  below 
Reid's.  It  was  built  in  the  eighties  by  John  T.  Mayes.  It  is  100  feet 
long  and  3  feet  high,  and  is  made  of  earth  and  logs.  The  ditch  is  1 
mile  long,  18  inches  wide,  and  carries  the  water  to  a  depth  of  7  inches. 
The  water  is  taken  out  of  West  Bear  Creek,  and  is  carried  along  the 
right  bank  for  about  400  yards,  when  it  is  flumed  across  to  the  left 
bank.  The  field  irrigated  is  mostly  black  loam,  and  contains  30 
acres.     The  cost  of  the  dam  was  $60;  of  the  ditch,  $150. 

Morales  system. — M.  Morales's  plant  is  on  the  left  bank  of  West 
Bear  Creek  and  is  about  2  miles  below  that  of  D.  L.  Stewart.  The 
dam  is  of  stone  and  earth  150  feet  long  and  3  feet  high.  The  ditch  is 
about  2  feet  wide  and  three-fourths  of  a  mile  long.  This  is  one  of  the 
best  as  well  as  one  of  the  most  expensive  ditches  in  Kimble  County. 
Along  part  of  its  course  it  is  walled  with  stone.  Most  of  the  remain- 
der runs  through  a  cut  which  averages  about  5  feet  in  depth.  The 
field  irrigated  contains  10  acres.  The  cost  of  the  dam  was  $100;  of 
the  ditch,  $175.     The  plant  was  constructed  in  1899. 

**  L.  C,  pasture  "  system, — About  a  half  mile  below  the  Morales  plant, 
and  on  the  same  stream,  is  the  dam  belonging  to  the  '*  L.  C.  pasture," 
at  present  owned  by  G.  D.  Tarlton,  of  Hillsboro.  It  was  constructed 
in  the  seventies,  and  is  probably  the  oldest  plant  in  the  county.  It 
is  of  earth,  about  80  feet  long  and  2|  feet  high.  The  ditch  is  3  feet 
wide,  a  half  mile  long,  and  flows  perhaps  800  gallons  of  water  a  min- 
ute (nearly  2  second-feet).  It  is  carried  along  the  left  bank  of  the 
stream.  The  field  of  about  8  acres  is  used  to  raise  alfalfa  for  the  use 
of  the  ranch.  A  branch  ditch  also  irrigates  a  small  garden.  The 
cost  of  the  dam  was  about  $30;  of  the  ditch,  about  $40. 

Alec,  Stewart  system.— ^ Alec.  Stewart's  plant  is  just  below  the  junc- 
tion of  East  and  West  Bear  creeks.  It  is  2  miles  below  F.  S.  Hall's 
and  1  jt  miles  below  the  "  L.  C.  pasture  "  dam.  The  dam  is  similar  to 
that  of  F.  S.  Hall,  already  described.  It  is  250  feet  long  and  3  feet 
high.  The  ditch  is  1 ,000  yards  long  and  3  feet  wide,  and  carries  wat^r 
to  a  depth  of  12  inches.  One  hundred  yards  of  the  ditch  is  carried 
through  a  cut  4  feet  deep.  This  is  a  new  plant,  having  been  con- 
structed during  the  present  spring  (1901).  The  field  irrigated,  which 
contains  15  acres,  is  on  the  right  bank  of  the  creek.  The  cost  of  the 
dam  was  about  $150;  of  the  ditch,  about  $100. 

Menge  system. — William  Menge's  plant  is  on  Walnut  Ci^ek,  a 
tributary  of  West  Bear  Creek.  It  is  about  a  half  mile  southwest  of 
the  dam  of  D.  L.  Stewart,  and  is  a  very  small  plant.  The  dam  is  150 
yards  long  and  12  inches  wide,  and  flows  about  50  gallons  a  minute. 
The  field  irrigated  is  a  1-acre  truck  patch. 

(fordon  system. — Capt.  C.  K.  Gordon's  plant  is  on  the  North  Llano, 
10  miles  above  Junction  City.     The  water  is  lifted  by  means  of  a  No. 
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7  centrifugal  pump,  operate<l  by  a  IS-horeepower  Hteam  engine.  The 
lift  i»  35  feet,  10  feet  of  which  is  by  suction.  Wood  is  used  for  fuel 
and  costs  practically  nothing,  as  a  quantit}'^  of  driftwood  is  always  on 
hand  near  the  pump.  The  capacity  of  the  pump  with  the  present 
engine  is  1,250  gallons  a  minute.  There  is  no  ditch.  The  water  is 
discharged  into  a  flume,  by  which  it  is  carried  1,250  feet  to  the  upper 
side  of  the  field,  crossing  a  road  by  means  of  an  underground  siphon. 
Between  the  road  and  the  pump  the  flume  is  20  Inches  by  12  inches, 
and  is  partially  lined  with  zinc.  Below  the  flume  is  20  inches  by  6 
inches.  No  reservoir  is  used  or  needed.  The  plant  is  sufficiently  large 
to  irrigate  80  acres,  but  the  field  actually  irrigated  contains  only  35  acres 
of  black  loam,  with  gravel  subsoil.  The  crops  raised  are  principally 
corn  and  alfalfa,  which  are  used  on  the  ranch.  The  av(»rage  yield  of 
com  is  50  bushels.  The  cost  of  the  engine  and  pump  was  $800;  of 
the  house  and  appurtenances,  1400;  of  the  flume,  fiBCK);  total  cost, 
$1,800.  The  plant  requires  1^  cords  of  driftwood  to  operate  it  one 
day.  The  wood  is  picked  up  near  by.  One  engineer  is  rt»quired. 
A  sawmill  and  a  gristmill  are  also  run  by  the  engine. 

Probable  systems, — The  flow  of  the  South  Llano  at  low  ordinary 
stages  is  90  second-feet  near  Junction  City.  A  dam  could  be  put  in 
10  miles  above  Junction  C'ity,  and  by  bringing  the  ditch  along  the 
foot  hills  a  mile  west  of  the  town  and  by  taking  it  across  the  North 
Llano  by  a  flume  or  inverted  siphon  5,000  to  0,(K)0  acres  could  be  irri- 
gated. In  fact,  the  Ragsdale  system  did  take  out  a  ditch  4  miles 
above  Junction  City;  but  the  dam  was  washed  away  some  years  ago, 
and  it  has  never  been  rebuilt.  It  would  also  be  possible  to  put  in  a 
system  below  the  town  by  taking  a  ditch  out  on  the  north  side  of  the 
main  Llano.  Any  system  put  in  will  have  to  be  very  substantial,  as 
the  Llano  is  torrential  at  times. 

SY8TEM8  AT  HAN  ANTONIO  ANJ)  VICIXITV. 

llie  irrigation  ditches  at  San  Antonio  ai-e  historically  the  most 
interesting  in  the  State,  for  here  are  found  the  oldest  systems  and 
structures,  which  have  been  in  use  more  than  a  century.  Addi- 
tional interest  is  derived  from  the  association  of  the  ditches  with  the 
early  missions  and  with  the  efforts  of  the  Franciscan  fathers  to  settle 
the  Indians  upon  these  lands  and  engage  tliem  in  agriculture.  These 
ditches  traverse  the  city,  often  concealed  by  buildings  and  sidewalks. 

MISSION  AND  NEIGHBORING  DITCHES. 

The  original  mission  ditches,  built  by  the  Franciscan  fathers 
between  the  years  1716  and  1744,  are  the  Concepcion,  the  Alamo 
Madre,  the  San  Jose,  the  San  Juan,  and  the  Espada,  all  dug  to  sup- 
ply the  lands  belonging  to  the  respective  missions.  In  addition  to 
these  mission  ditches,  there  was  one,  the  San  Pedro,  which  supplied 
water  to  the  Villa  Capital  de  la  San  Fernando,  settled  in  17.'K)  by  the 
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immigrants  from  tho  Canary  Islands,  and  one  built  much  later  than 
any  of  the  others,  under  the  superintendence  of  the  governor.  Baron 
Hip|)erda,  for  the  supply  of  the  citizens  of  the  town,  and  called  the 
Upper  Labor  ditch. 

UPPER  LABOR  DITCH. 

Beginning  at  the  head  of  San  Antonio  River,  the  most  recent  of  the 
Spanish  ditches — the  Upper  Labor — is  the  first  encountered.  It  was 
begun  in  1776,  under  the  general  direction  of  the  royal  governor,  and 
was  ready  for  use  in  1778,  care  having  been  taken  that  there  should  l>e 
no  infringement  of  the  prior  rights  of  the  five  missions  and  the  Canary 
Island  settlers.  The  ditch  took  its  water  from  one  of  the  large  springs 
at  the  head  of  the  river  by  means  of  a  loose  rock  dam.  It  follows 
tlie  contour  of  the  land  on  the  west  side  of  the  river  and  ends  in  San 
Pedro  Creek.  It  once  commanded  about  600  acres,  but  is  now  out 
of  use.  In  1877  the  city  replaced  the  old  loose  rock  dam  by  one  of 
masonry,  and  built  an  extension  to  the  ditch,  called  the  Alazan 
branch.  The  latter  was  abandoned  in  1896,  because  residences  were 
built  on  the  land  irrigate<i. 

ALAMO   MADRE  DITCH. 

The  Alamo  Madre  ditch,  built  between  1718  and  1744  to  supply 
water  to  the  Alamo  Mission  and  irrigate  its  lands,  derived  water  from 
the  river  on  the  east  side  just  opposite  the  Upper  Labor  ditch,  by 
means  of  a  low  dam.  The  ditch  follows  the  contour  of  the  land  and 
runs  through  the  business  part  of  the  city.  Its  length  is  6  miles.  It 
irrigated  about  000  acres,  but  is  now  closed. 

SAN  PEDRO  DITCH. 

San  Pedro  ditch  was  commenced  in  1738  and  furnished  water  to  the 
Villa  de  la  San  Fernando,  the  parish  church  of  which,  now  called  San 
Fernando  Catliedral,  is  the  geographic  center  of  San  Antonio.  The 
water  for  the  ditch,  taken  from  the  pool  in  San  Pedro  Park,  follows 
the  east  side  of  the  creek  and  runs  through  the  center  of  the  city, 
irrigating  500  acres  of  land  below  the  town.  Its  length  is  about 
4  miles,  and  it  is  2  feet  deep  and  6  feet  wide.  Tlie  management  of 
the  foregoing  ditches  long  since  passed  out  of  the  hands  of  the  land- 
owners and  into  those  of  the  city  authorities  and  is  now  intrusted  to 
a  uitch  commissioner  appointed  by  the  mayor.  The  annual  water 
rent  is  l?2  an  acre. 

CONCEPCTON  DITCH. 

The  next  ditch  of  importance  is  the  Concepcion,  built  in  1729  and 
abandoned  in  1860,  after  being  in  use  one  hundred  and  forty  years. 
It  was  discarded  on  account  of  the  dam,  which  was  in  the  center  of 
the  city,  causing  much  damage  from  overflow  when  there  was  a  rise 
in  the  river.  This  ditch  was  constructed  to  furnish  water  to  the 
Mission  de  la  Concepcion  and  was  the  largest  of  the  old  ditches. 
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SAN  JOSE  DITCH. 

The  San  Jose  ditch  was  built  about  1720  to  supply  water  to  and 
irrigate  the  lands  of  the  mission  of  that  name,  5  miles  below  the  town. 
The  water  was  taken  from  the  west  side  of  San  Antonio  River,  about 
2  miles  above  the  mission,  and  was  returned  to  the  river  about  1  mile 
below.    This  ditch  was  abandoned  about  1860. 

SAN  JUAN  DITCH. 

The  San  Juan  ditch  taps  the  river  on  the  east  side  opposite  the 
Mission  San  Jose.  It  follows  the  contour  of  the  land  and  carries 
water  down  to  the  San  Juan  Mission.  It  was  built  in  1731  and  is  still 
in  use.     It  irrigates  more  than  450  acres  of  land. 

ESP  AD  A  DITCH. 

The  Espada  is  the  lowest  ditch  taken  from  San  Antonio  River, 
though  one  of  the  oldest.  The  Spanish  Government  constructed  it  in 
1824  and  settled  families  on  the  land  covered,  assigning  to  each  about 
12  acres,  known  as  suertes  (swerties)  and  supposed  to  be  the  amount 
of  land  that  could  be  irrigated  from  the  ditch  in  one  day.  The  ditch 
takes  its  water  from  the  west  side  of  the  river,  0  miles  below  the  city, 
by  means  of  a  loose  rock-and-brush  dam  270  feet  long,  built  on  a 
natural  ledge  of  rock  extending  across  the  river,  making  the  total 
height  of  the  obstruction  8  feet.  The  dam  consists  of  layers  of  brush 
weighted  b}'  loose  rock,  with  gravel  and  earth  thrown  in  front,  forming 
a  very  effective  dam,  the  rock  becoming  gradually  cemented  together 
by  a  deposit  of  lime  salts  from  the  water.  It  crosses  Piedras  Creek  on 
a  stone  aqueduct,  shown  in  PL  VI,  which  consists  of  a  series  of 
massive  arches  that  seem  in  as  good  preservation  to-day  as  when  con- 
structed, more  than  a  century  and  a  half  ago. 

This  ditch  fell  into  disuse  about  twenty  years  ago  and  was  aban- 
doned until  1895,  when  A.  Y.  Walton,  jr.,  who  owned  several  suertes 
of  land,  organized  the  owners  of  the  lands  commanded  by  it  into  a 
company  (the  Espada  Ditch  Company),  cleaned  out,  widened,  and 
deepened  the  old  ditch,  repaired  the  dam,  and  made  some  change  in 
it8  course,  the  total  cost  being  about  $3,000.  The  ditch  is  now  3  miles 
long,  has  a  bottom  width  of  5  feet,  and  carries  10  second-feet  of  water. 
It  commands  400  acres,  nearly  all  of  which  is  irrigated.  The  annual 
cost  of  keeping  the  ditch  in  good  working  order  amounts  to  25 
cents  an  acre,  the  work  being  done  by  the  members  of  the  company. 
The  manager  notifies  the  members  when  work  is  to  be  done  on  the 
ditch,  and  no  trouble  has  been  encountered  in  repairing  it  on  this 
labor-assessment  principle.  The  general  manager  keeps  a  complete 
record  of  the  hours  and  dates  upon  which  each  irrigator  is  to  have 
water.  Each  member  gets  water  every  fifteen  days,  and  is  allowed  all 
he  wants,  but  he  must  use  it  only  during  the  hours  assigned  to  him. 
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The  appearance  of  the  crops  under  these  ditches,  even  in  a  time  of  so 
abundant  rainfall  as  the  first  half  of  1897,  is  a  remarkable  proof  of 
the  value  of  irrigation.  The  land  is  mostly  an  alluvial  valley  soil, 
very  productive  when  watered.  On  irrigated  fields  the  customary 
yield  is  at  least  a  bale  of  cotton  to  the  acre,  while  for  the  last  five 
years  the  average  on  unirrigated  fields  has  been  hardly  more  than  one- 
fourth  that  amount.  Truck  farmers  raise  all  kinds  of  vegetables 
from  early  spring  until  frost  in  the  greatest  profusion. 

TRUEHART  DITCH. 

Three-fourths  of  a  mile  above  the  head  of  the  dam  which  supplies 
the  Espada  ditch  is  the  head  gate  of  the  Truehart  ditch,  which  is  now 
out  of  use. 

ARTESIAN  WELLS. 

There  is  some  irrigation  from  artesian  wells  practiced  in  and  near 
San  Antonio.     Following  are  brief  descriptions  of  the  plants: 

Kampman  system, — The  most  extensive  plant  is  that  of  Mrs.  Caro- 
line Kampman,  who  has  three  wells  on  her  ranch,  3  miles  east  of  the 
city  limits.  One  of  these  wells  has  a  flow  of  1,500,000  gallons  in  twenty- 
four  hours,  under  20  pounds  pressure,  or  2.32  second-feet.  It  is  970 
feet  deep,  and  was  drilled  at  a  cost  of  $3,000.  It  is  allowed  to  flow  on 
200  acres  of  the  owner's  land,  most  of  which  is  in  Johnson  grass  and 
sugar  cane  and  needs  only  a  small  portion  of  the  water.  By  a  system 
of  ditches  or  storage  tanks  this  well  would  imgate  1,000  acres  of  land. 
Almost  all  of  the  water  from  the  other  two  wells  is  wasted.  All  of 
the  water  is  impregnated  with  sulphur.  Mrs.  Kampman  owns  another 
well  near  the  head  of  the  river,  2^  miles  northeast  of  the  court-house, 
from  which  26  acres  are  irrigated,  but  it  could  easil}'  irrigate  300  acres. 

Collins  system, — Three  miles  west  of  San  Antonio  River,  lying  along 
the  International  and  Great  Northern  Railroad,  F.  F.  Collins  has  a 
farm  of  140  acres  which  is  irrigated  from  an  artesian  well  600  feet  deep 
and  12  inches  in  diameter.  The  flow  of  this  well  ha«  been  estimated 
at  700  gallons  a  minute  (1.5  second-feet).  The  water  is  clear  and  pure. 
The  tract  owned  by  Mr.  Collins  consists  of  140  acres,  all  of  which  can 
be  irrigated  from  this  well.  The  farm  is  divided  into  tracts  of  12^ 
acres  each.  A  three-room  house  and  the  I2i  acres  adjoining  rent  for 
1250  a  year  for  land,  house,  and  water.  The  latter  is  conveyed  to  the 
land  by  4,000  feet  of  6-inch  pipe  and  4,000  feet  of  4-inch  pipe.  This 
method  of  conveyance  guarant/ces  a  minimum  loss  by  leakage  and 
affords  a  most  effectual  control.  The  well  is  provided  with  two  out- 
lets, one  of  which  supplies  the  pipe  line  on  the  farm,  the  other 
connecting  to  the  reservoir.  The  reservoir  is  a  triangular  piece  of 
ground  covering  1  acre,  one  side  of  which  is  parallel  to  the  track  of  the 
International  and  Great  Northern  Railroad.  The  capacity  of  the  reser- 
voir is  4,000,000  gallons,  and  the  well  fills  it  in  seventy-two  hours.  It 
will  be  used  to  conserve  the  water  supply,  and  will  enable  all  irrigation 
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to  be  done  in  daylight.  At  night  the  flow  will  be  shifted  to  the  reser- 
voir, and  during  the  da}'  water  will  be  drawn  from  both  the  well  and 
the  reservoir. 

Brady  system. — The  well  of  Thomas  F.  Brady  is  unique,  in  that  it 
is  deeper  bj'  several  hundred  feet  than  any  wells  in  the  vicinity.  It  is  6 
inches  in  diameter  and  1,450  feet  deep.  The  water  is  soft  and  has  tlie 
taste  of  rain  water.  It  was  noticed  that  the  dry  years  affected  it  very 
slightly,  but  during  the  flush  3'ear  of  1900  the  water  rose  in  the  out- 
flow conduit  about  one-fourth  of  an  inch.  Fifty  acres  of  land  are 
irrigated  from  the  well,  but  it  could  easily  irrigate  as  many  more. 
Under  present  conditions  the  well  is  kept  closed  half  of  the  time. 
The  land  is  rented  for  116  an  acre,  which  includes  the  wattir  rent. 

Epp  and  Walters  systems. — Just  east  of  the  Brady  farm  is  the  farm 
of  John  Epp,  where  a  4i^-inch  well  884  feet  deep  irrigates  20  acres  of 
forage,  consisting  mostly  of  cane  and  Johnson  grass.  Within  a  quar- 
ter of  a  mile  of  the  Epp  farm  Mr.  Albert  Walters  has  a  small  well 
from  which  about  10  acres  are  irrigated. 

Vandalle  system, — About  2  miles  west  of  the  court-house,  in  the 
valley  of  Martinez  Creek,  Herman  Vandalle  has  a  4-inch  well  840  feet 
deep  that  irrigates  14  acres  of  garden  truck.  A  small  tank,  60  by  60 
feet,  has  been  constructed  to  conserve  the  flow  and  give  a  larger  sup- 
ply when  necessary.     The  land  rents  for  $25  an  acre. 

Koelbleji  system. — Near  the  Aransas  Pass  roundhouse  Jacob  Koel- 
blen  has  a  very  successfully  conducted  irrigation  plant  from  an 
artesian  well.  The  well  was  bored  in  1895.  For  the  first  34  feet 
10-inch  piping  was  used.  Into  this  was  inserted  an  8-inch  pipe  that 
extended  to  a  depth  of  200  feet,  then  800  feet  of  6-inch  pipe  was 
incased  in  this,  and  1,027  feet  of  4^-inch  pipe  completed  the  well  to 
rock.  The  lower  70  feet  was  drilled  into  hard  rock.  A  4i-inch  pipe 
leads  from  the  well  to  a  reservoir  72  feet  by  30  feet,  which  borders  on 
the  east  side  of  the  San  Pedro  ditch,  into  which  the  waste  water  flows. 
The  land  irrigated  lies  on  each  side  of  the  railroad  track,  the  water 
being  conveyed  to  it  by  pipes.  Only  21  acres  in  garden  are  irrigated, 
but  there  is  sufficient  water  to  irrigate  five  times  that  amount.  The 
water  is  rented  out  at  $25  an  acre.  The  drilling  of  the  well  cost  $2  a 
foot,  and  the  total  cost  of  the  plant,  exclusive  of  land,  was  more 
than  $4,000. 

DignowiUy  system. — ^A.  F.  Dignowitty  owns  two  wells  near  San 
Antonio.  The  first  well  was  bored  in  1884,  on  the  east  side  of  Alazan 
Creek,  2^  miles  northwest  of  the  court-house.  Water  was  struck  at  a 
depth  of  160  feet,  sulphur  water  at  210  feet.  At  460  feet  artesian  water 
of  5  feet  depth  was  struck,  which  shot  16  feet  above  the  ground,  giving 
a  flow  of  1,000,000  gallons  per  twenty-four  hours.  The  water  is  clear 
and  soft,  of  a  temperature  of  75°  F.,  and  is  partly  used  for  irrigation. 
The  second  well  was  bored  in  1895.  It  is  \\  miles  northeast  of  the 
coui't-house.     At  a  depth  of  20  feet  a  fine  pottery  clay  80  feet  deep 
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was  encountered;  at  435  feet  iron  pyrites  was  met;  and  at  445  feet 
a  vein  of  fine  liquid  asphaitum,  which  rose  45  feet  in  the  well.  At 
456  feet  a  fine  petroleum  oil  was  struck;  at  490  feet  a  substratum  of 
clear  fresh  water,  which  rose  to  within  46  feet  of  the  surface  of  the 
ground;  at  500  feet  a  strong  current  of  natural  gas;  at  525  feet  a 
hard  sandstone;  at  540  feet  a  very  hard  white  sandstone;  at  550  feet 
another  stream  of  water  that  rose  within  35  feet  of  the  top.  The  well 
stopped  at  059  feet  in  hard,  white  rock. 

SEWAGE  FARM. 

The  sewage  of  the  city  of  San  Antonio  is  conducted  about  4  miles 
southwest  of  the  city  and  there  utilized  for  irrigating  purposes.  Early 
in  1897  R.  W.  Hamilton  &  Co.  made  a  contract  with  the  city  whereby 
the  firm,  in  consideration  of  an  annual  payment  of  $1,000  to  the  city, 
was  to  receive  all  the  sewage  and  the  use  of  a  tract  of  350  acres  of 
land.  The  company  had  to  grub  the  land,  erect  houses,  construct 
ditches,  etc.,  before  they  could  realize  any  income  from  their  outlay. 


Fio.  15.— CroHS  section  of  sewer-farm  ditch  at  San  Antonio. 

The  sewage  is  delivered  in  the  form  of  a  half  invert  44  inches  in 
diameter,  and  to  provide  for  an  increased  flow  a  dyke  is  constructed 
on  each  side  of  the  invert,  converting  the  whole  into  a  canal  the 
bottom  of  which  is  formed  by  the  invert.  (See  fig.  15.)  Three  hun- 
dred and  fifty  acres  are  irrigated  on  what  is  known  as  the  sewer  farm 
proper,  and  the  company  has  rented  150  acres  from  an  adjoining 
farm,  making  in  all  500  acres  irrigated  in  1901.  In  addition  to  this, 
about  3+  miles  from  the  city  the  pipe  line  has  been  tapped  and  50 
acres  are  irrigated  from  the  lateral.  The  flow  is  10.8  second-feet, 
and  1,200  acres  oould  readily  be  irrigated  from  it.  At  present  the 
surplus  is  allowed  to  waste. 

In  September,  1901,  the  city  leased  the  sewer  farm  and  all  of  the 
sewage  to  R.  II,  Russel,  J.  A.  Simmons,  and  others  for  a  term  of  ninety- 
nine  years.  The  lessees  are  to  construct  a  ditch  from  the  present  out- 
fall, a  good  and  serviceable  dam  at  Mitchells  Lake,  of  a  size  suflicient 
to  retain  the  surplus  sewage  of  the  city,  and  are  to  dispose  of  sewage 
by  broad  irrigation.  They  are  also  to  guard  the  city  against  damages 
that  may  accrue  from  the  sewage  becoming  a  menace  to  private  rights 
or  a  public  nuisance.     It  is  understood  that  the  dam  and  ditch  will 
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cost  about  $20,000.  The  lessees  are  to  have  the  sole  use  of  the  sewage, 
and  are  to  receive  all  rents  from  Hamilton  &  Co.  for  the  two  years 
their  contract  has  to  run. 

MISCELLANEOUS   SYSTEMS. 

Halff  Brothers  system. — At  the  crossing  of  the  river  on  Mitchell 
street,  San  Antonio,  Halff  Brothers  have  installeil  a  lO-horsepower 
gasoline  engine,  which  operates  a  rotary  pump.  The  lift  from  the 
river  level  to  the  pump  is  6  feet,  and  the  water  is  pumj)ed  through 
6-inch  pipes  alternately  on  the  east  and  west  sides  of  the  stream. 
The  capacity  of  the  pump  is  estimated  at  107  gallons  a  minute  *{^).35 
second-foot).  During  the  season  of  1901  it  irrigated  about  20  acres, 
but  had  to  be  run  only  about  one-tenth  of  the  time.  The  crops  raised 
were  the  usual  garden  truck,  which  found  a  ready  home  market. 

Groos  system. — Four  miles  below  San  Antonio,  on  the  east  side  of 
the  river,  F.  Groos  has  a  pumping  plant  run  by  wat/cr  power.  It  is 
on  an  old  race,  and  consists  of  one  35-inch  Leffel  turbine  operating 
two  rotary  pumps  having  5-inch  discharge  openings  and  an  estimated 
capacity  of  400  gallons  a  minute  each.  The  head  on  the  turbines  is 
o|  feet,  and  it  is  estimated  that  40  horsepower  is  generated.  This 
will  require  a  flow  of  80  cubic  feet  of  water  per  second.  The  San 
Antonio  River  has  been  known  to  flow  only  10  cubic  feet  per  second, 
and  if  all  of  this  were  utilized  on  the  turbine  it  would  generate  only 
5i  horsepower.  The  flow  on  December  31,  1901,  was  only  41  second- 
feet  at  the  "hot  wells,"  and  in  July,  1902,  it  was  only  9  second-feet. 

Praeger  system. — Otto  Praeger's  plant,  just  north  of  the  "hot 
wells,"  consists  of  a  lO-horsepower  gasoline  engine  and  a  double- 
suction  rotary  pump  having  4-inch  discharge.  The  water  is  raised 
into  a  flume,  from  which  it  flows  into  a  ditch  600  feet  long.  Sixty 
acres  of  Johnson  grass  are  irrigated.  After  a  crop  is  cut  and  taken 
off,  the  water  is  immediat^ely  turned  on  until  the  ground  is  thoroughly 
saturated.  Four  weeks  later  the  ground  is  flooded  a  second  time,  and 
two  weeks  later  the  grass  is  cut.  Thus  a  crop  is  cut  every  six  weeks. 
It  requires  100,000  gallons  of  water  per  acre  for  a  single  saturation, 
and  the  plant  waters  one-half  acre  per  hour. 

Lay  ton  system. — Four  and  one  half  miles  south  of  San  Antonio  is 
the  Layton  irrigation  plant,  which  consists  of  a  IS-horsepower  Spring- 
field engine  operating  a  6-inch  Gould  centrifugal  pump.  The  lift  is 
17  feet  and  the  estimated  capacity  1,000  gallons  a  minute.  The  water 
is  pumped  from  San  Antonio  River,  and  to  deliver  the  quantity  stated 
under  the  lift  of  17  feet  requires,  with  an  efficiency  of  80  per  cent, 
only  4J  horsepower.  Sixty  acres  of  vegetables  for  the  local  markets 
are  irrigated. 

Brown  systevi. — Five  miles  south  of  San  Antonio,  on  the  east  side 
of  the  river,  B.  H.  Brown  irrigated  35  acres  by  means  of  a  5-horsepower 
engine  oi)erating  a  4-inch  pump.     The  water  is  pumped  from  San 
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Antonio  River  against  a  lift  of  20  feet.  The  plant  cost  $400.  The 
soil  is  black  and  very  productive.  Sugar  cane,  vegetables,  corn,  and 
oats  are  the  crops  raised. 

Mission  Farm  Coynpany  systeTtx. — ^This  company  uses  the  natural 
outfall  of  the  sewer  and  irrigates  50  acres  of  sorghum,  Johnson  grass, 
oats,  and  fruit  trees. 

CamiUe  syst-em. — The  Camille  plant,  4^  miles  from  San  Ant<»nio, 
pumps  its  water  from  the  sewer  outfall.  The  lift  is  23  feet,  and  the 
pump  has  a  discharge  pipe  of  4  inches  diameter  and  a  capacity  of  900 
gallons  a  minute.  The  soil  is  black.  Eighty  acres  of  vegetables  are 
irrigated. 

Meersclieidi  system. — Near  Prospect  Ilill,  Meerscheidt  Brothers 
irrigate  50  acres  from  a  12-inch  artesian  well.  The  water  in  the  well 
rises  to  within  7  feet  of  the  ground  surface  and  is  pumped  into  the 
ditches  by  means  of  a  12-horsepower  Springfield  engine  and  a  5-inch 
centrifugal  i)ump.  The  capacity  of  the  well  is  750  minut>e-gallons, 
and  this  is  sufficiient  to  irrigate  double  the  present  acreage  in  dry 
seasons. 

Pickett  system, — Thirty  miles  below,  on  the  same  river,  near  Flores- 
ville,  in  Wilson  County,  is  the  plant  of  A.  (t.  Pickett.  It  was  set  up 
in  1893,  and  consists  of  a  40- horsepower  steam  boiler  operating  a 
Blake  duplex  steam  pump,  which  is  connected  to  the  boiler  by  a 
2-inch  steam  pipe.  From  12  to  15  horsepower  is  used  at  present,  it 
being  the  intention  of  the  owner  to  extend  the  plant,  by  the  addition 
of  more  pumps,  as  more  land  is  brought  under  irrigation.  The 
average  distance  from  the  water  to  the  i)ump  is  15  feet  and  the  average 
lift  50  feet.  There  is  no  reservoir,  the  water  being  pumped  directly 
into  the  ditch.  The  total  cost  of  the  plant  is  estimated  at  $2,500,  and 
it  requires  one  man,  at  a  cost  of  12^  cents  an  hour,  to  operate  it.  The 
pump  is  covered  by  high  water  in  the  river  from  two  to  four  times  a 
year.  This  plant  was  built  to  irrigate  from  300  to  400  acres,  and  has 
sufficient  boiler  capacity  for  that  acreage,  but  will  require  additional 
pumps.  The  present  pump  has  a  7-inch  suction  pipe  and  a  0-inch 
discharge,  and  is  estimated  to  pumj)  about  750  gallons  a  minute,  or 
1.67  second-feet,  sufficient  to  irrigate  from  75  to  100  aci-cs,  but  onl^-  50 
acres  of  fruits  were  irrigated  in  1001.  The  annual  cost  of  wator  is 
estimated  at  from  $2  to  $6  an  acre,  according  to  the  amount  of  rain- 
fall and  pumping. 

State  Agricultural  and  Mechamcal  College  system. — The  irrigation 
plant  belonging  to  the  experiment  station  of  the  State  Agricultural 
and  Mechanical  College  is  a  pumping  plant  deriving  the  necessary 
power  from  a  windmill  and  a  gasoline  engine.  The  windmill  is  a  steel 
Ideal,  the  original  pump  a  deep- well  pump  having  a  maximum  capac- 
ity of  80  cubic  feet  an  hour.  But  this  required  a  high  wind  to  main- 
tain the  flow,  and  a  5.J-horsepowcr  (nominal)  Weber  &  Co.  gasoline 
engine,  capable  of  exerting  4  actual  horsepower  was  added.  The 
pump  has  a  cylinder  3^  inches  in  diameter  by  36  inches  long,  with  a 
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24-inch  stroke  when  rnn  by  the  engine  and  a  9-inch  stroke  when  run 
by  the  windmill.  The  water  is  forced  600  feet  to  a  reservoir  16  feet 
above  the  top  of  the  well.  The  reservoir  is  32  feet  long,  52  feet  wide, 
and  8  feet  deep,  and  will  hold  about  100,000  gallons,  0.3  acre- foot.  It 
was  built  by  excavating  to  a  depth  of  4  feet  and  building  around  the 
excavation  earthen  w^alls  of  the  same  height,  the  total  cost  being  IH40. 
On  account  of  the  very  porons  nature  of  the  soil  all  tanks  in  this 
region  must  be  lined  with  artificial  material — cement,  asi)halt,  or  coal 
tar.  The  reservoir  at  the  experiment  station  is  lined  with  a  mastic 
consisting  of  73  per  cent  sand,  25  per  cent  coal  tar,  and  2  per  cent 
lime.  The  sand  and  lime  are  mixed  together  and  the  tar  is  boiled 
until  it  will  string,  when  it  is  mixed  hot  with  the  other  ingredients, 
and  while  hot  is  spread  on  the  bottom  and  sides  at  the  rate  of  52 
pounds  to  the  square  yard.  On  top  is  put  a  varnish  fornunl  by  l)oil- 
ing  pure  coal  tar  and  flashing  it  with  a  lighted  match  to  burn  off  the 
light  oils.  The  plant  was  completed  in  1807,  and  it  is  estimated  that 
20  acres  can  be  served  by  it.  Gasoline  costs  16  cents  a  gallon  in  Bee- 
ville,  and  1  gallon  used  as  fuel  for  the  engine  delivers  about  1,900 
gallons  to  the  reservoir  under  the  conditions  stated.  The  cost  of 
water  per  1,000  gallons  is  8.42  cents.  Calculating  the  cost  of  a  single 
irrigation  at  this  rate,  assuming  that  2  acre-inches  are  supplied,  54,309 
gallons  (2  acre-inches)  cost  $4.58  per  acre  per  application,  or  at  the 
rate  of  $2.29  per  acre-inch.  Should  land  be  permitted  to  become  veiy 
dry  before  irrigation  is  resorted  to  the  cost  is  increased  correspond- 
ingly. Early  in  1901  there  was  added  to  this  plant  a  larger  pump 
(5|-inch  cylinder),  the  capacity  of  which  is  70  gallons  an  hour.  A 
new  well  has  been  sunk  12  feet  from  the  old  well,  the  two  being  con- 
nected 60  feet  beneath  the  surface  of  the  ground,  so  that  the  water 
of  one  well  will  supplement  that  of  the  other  well. 

McDowell  system, — W.  G.  McDowell,  of  Beeville,  has  a  plant  con- 
sisting of  a  l^-horsepower  gasoline  engine  pumping  from  a  70-foot 
well  and  iirigating  6  acres. 

BeeviUe  irrigaied  gardens, — These  gardens  have  the  most  efficient 
plant  near  Beeville.  It  consists  of  a  4-horsepower  gasoline  engine 
pumping  into  a  reservoir  of  140,000  gallons  capacity.  Thirteen  acres 
of  vegetables  are  irrigated,  but  the  plant  could  easily  irrigate  20 
acres. 

Bee  Star  gardens. — The  Bee  Star  gardens,  of  Skidmore,  operate  a 
plant  consisting  of  an  engine  of  4  horsepower  and  an  Ames  pump  with 
4-inch  suction  pipe.  The  water  is  pumped  from  a  6:i-inch  well  110 
feet  deep,  and  is  discharged  into  a  reservoir  120  feet  in  diameter, 
having  a  capacity  of  500,000  gallons.  Fifty  acres  of  cauliflowers, 
cabbages,  cantaloupes,  etc.,  are  irrigated.  By  judicious  management 
of  the  water  100  acres  could  be  irrigated. 

Other  truck  systems, — The  foregoing  are  types  of  many  other  S3's- 
tems  in  the  country  around  and  near  Beeville.  These  plants  gener- 
ally consist  of  a  small  engine,  a  centrifugal  pump,  a  surface  reservoir, 
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and  the  necessary  ditches.  The  following  plants  are  iu  saccessful 
operation:  S.  A.  McIIenry  (two  plants),  27  acres;  Carl  Rankin,  12 
acres;  J.  T.  Holliday,  12  acres;  J.  K.  Robertson,  7  acres;  W.  D.  Mes- 
singer,  3  acres;  A.  M.  Stoval,  12  acres;  R.  I.  Eidson,  12  acres;  J.  H. 
Elliott,  4:  acres,  J.  M.  Chittim  (near  Normanna),  15  acres;  James 
McCan  (near  Victoria),  25  acres. 

Near  Driscoll,  in  Nueces  County,  Charles  Reynolds,  George  Rey- 
nolds, and  Will  Sliealy  are  installing  plants  similar  to  the  foregoini^, 
while  P.  E.  McNeill  and  John  Clementson,  at  Wade's  station,  have 
each  a  plant  in  operation.  The  latter  plants  obtain  the  water  from 
wells  150  and  190  feet  d^ep,  respectively,  and  during  the  current 
season  25  aci^es  were  irrigated. 

King  systeyn. — On  the  King  ranch,  south  of  Alice,  46  art<esian 
wells,  of  an  average  depth  of  500  feet,  furnish  abundant  water,  and 
Mr.  R.  J.  Kleberg,  the  manager,  has  commenced  using  this  wat^^r 
for  the  irrigation  of  alfalfa;  but  this  system  is  at  present  in  its 
infancy. 

Landa  system. — Mr.  II.  Landa  has  just  installed  two  irrigation 
plants  on  Comal  River,  at  New  Braunfels,  for  the  purpose  of  irriga- 
ting about  70  acres  of  farm  land.  In  one  case  the  water  is  pumj^ed 
from  a  lake  near  his  flour  mills  and  is  forced  through  about  370  feet 
of  10-inch  pipe  into  a  canal  in  the  field,  being  conducted  through  the 
canal  to  the  highest  point  on  the  farm  and  then  distributed  bj'  means 
of  laterals  to  all  parts  of  the  tract.  Intermediate  laterals  are  also 
constructed  at  intervals  along  the  main  canal,  and  the  water  is  car- 
ried by  gravity  to  all  minor  elevations,  the  surface  of  the  water 
in  the  main  canal  being  higher  than  any  point  in  the  field.  This 
system  will  water  25  or  30  acres.  Mr.  Landa's  second  system  is  sup- 
plied by  a  pump  operated  by  a  20-horsepower  gasoline  engine,  the 
water  being  elevat(^d  into  a  flume  which  leads  into  a  canal  that  ter- 
minates on  the  bank  of  the  river.  This  canal  is  constructed  on  the 
same  principle  as  the  one  just  described,  the  water  being  conducted 
to  the  highest  portion  of  the  field  and  distributed  by  means  of  lat- 
erals at  intervals  along  its  course.  The  tract  to  be  irrigated  by  this 
canal  contains  about  40  acres.  The  canals  are  ^bout  10  feet  wide  and 
the  laterals  5  feet  wide,  constructed  by  building  two  parallel  levees 
10  feet  apart,  of  sufficient  thickness  to  prevent  much  seepage,  the 
tops  or  crowns  of  the  levees  being  made  level,  forming  an  elongated 
reservoir  across  the  field,  from  which  the  water  can  be  drawn  at  will. 
The  total  length  of  the  main  canal  in  the  first  sj^stem  is  1,7CX)  feet, 
the  total  length  of  the  laterals  1,100  feet.  The  total  length  of  the 
main  canal  in  the  second  system  is  2,200  feet,  the  total  length  of  the 
laterals  2,700  feet.  In  the  first  case  the  w^ater  is  raised  4  feet  from 
the  tank  into  the  canal. 

Locke  system. — One  mile  west  of  New  Braunfels  Otto  Locke  irri- 
gates 33  acres  in  orchards,  nurseries,  corn,  potatoes,  etc.  A  12-horse- 
power  Foos  gasoline  engine  operates  a  G-inch  centrifugal  pump  against 
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a  lift  of  47  feet,  raisini::  4f)0  gallons  per  minute.  The  discharge  pipe 
conveys  the  water  to  the  highest  point  of  the  land,  from  which  it  is 
distributed  by  ditches  to  the  lands  watered.  AVith  the  present  prices 
of  gasoline  it  costs  $7  an  acre  per  season.  If  continuously  operated 
the  plant  could  irrigate  50  acres. 

Lenzen  sxjsfem. — The  plant  of  G.  P.  Lenzen  is  located  on  the  north 
bank  of  the  Comal  River  in  the  suburbs  of  New  Braunfels,  and  was 
first  opt*rated  during  the  season  of  1002.  A  20-hor8epower  gasoline 
engine,  operating  a  6-inch  Van  Wie  centrifugal  pump  against  a  lift  of 
60  feet,  delivers  the  water  into  a  12  by  12  inch  flume  500  feet  long. 
Sixty  acres  in  peas,  sorghum,  corn,  cotton,  and  potatoes  are  irrigated 
at  an  average  cost  of  $7  per  acre. 

Fischer  syskm, — On  the  east  side  of  the  Guadalupe  River,  1  mile 
below  New  Braunfels,  near  the  bridge  of  the  International  and  Great 
Northern  Railroad,  C  F.  11.  Fi.scher  installed  late  in  the  season  of 
1002  a  water-power  irrigation  plant.  A  dirt  dam  across  the  north 
channel  of  the  Guadalupe  deflects  the  water  under  a  7-foot  undershot 
wheel,  which  operates  a  3-inch  Gould  pump  against  a  lift  of  60  feet. 
The  plant  at  present  writing  is  an  embi-yo  of  what  is  intended.  A 
reservoir  is  to  be  constructed,  and  from  this  water  is  to  be  drawn  to 
irrigate  50  acres  in  corn,  cotton,  grass,  and  gardens. 

Bniemmen  system. — One  and  one-fourth  miles  northeast  of  New 
Braunfels,  W.  Bruemmen  uses  an  8-horsepower  Model  gasoline  engine 
to  operate  a  centrifugal  pump  against  a  lift  of  51  feet.  The  water  is 
pumped  out  of  the  (Guadalupe  into  a  flume  1,1(K)  feet  long,  which  car- 
ries the  water  to  the  highest  point  of  the  18  acres  that  are  irrigated. 
The  plant  was  put  in  late  in  the  season  of  1002,  and  its  capacity  has 
not  been  fully  tested,  but  it  has  been  found  that  it  costs  only  $1.80 
per  day  to  operate  the  complete  plant. 

Starty  system. — One  mile  north  of  New  Braunfels,  A.  G.  Starty  has  a 
small  i)ump  plant  that  derives  its  water  from  a  well.  A  O-horsepower 
gasoline  engine  runs  a  4-inch  Van  Wie  pump  against  a  lift  of  20  feet. 
The  plant  is  located  in  the  lowlands  north  of  Landa  I^ark,  and  during 
the  current  season  8  acres  in  cane,  corn,  and  cotton  were  irrigated. 

Dittmnr  system. — Five  miles  below  New  Braunfels,  on  the  west  side 
of  (Tuadalupe  River,  Adolph  Dittmar  has  a  water-power  irrigation 
plant.  The  water  is  pumi>ed  from  the  river  by  a  Worthington  pump 
having  lO-inch  discharge  and  a  lift  of  40  feet.  The  power  is  gener- 
ated by  one  Risdon  turbine  working  under  a  head  of  5  feet.  The 
dam  is  a  natural  formation  in  the  river. 

San  Marcos  Water  Works  Company  system. — The  San  Marcos 
\Vat«r  Works  Company  (William  Green,  president)  transfers,  by 
electricity,  the  power  for  its  pump  from  a  dam  across  San  Marcos 
River,  near  the  head  of  the  stream.  The  distance  from  the  water- 
power  plant  at  the  dam  to  the  pump  is  1,400  feet.  The  pump  is  a 
Van  Wie  centrifugal,  having  18-inch  discharge.  The  lift  is  only  8 
feet,  and  it  is  the  intention  to  bring  185  acres  under  irrigation. 


62  IRRIGATION   SYSTEMS    OF   TEXAS.  [no.  71, 

Freeman  systems. — About  three-fourths  mile  below  San  Marcos,  on 
the  east  side  of  the  river,  I.  Freeman  has  a  16-horsepower  gasoline 
engine  which  operates  a  6-inch  Morris  centrifugal  pump  under  a  lift 
of  26  feet.  The  capacity  is  1,312  gallons  a  minute,  which  would 
require  only  8  horsepower.  One  hundred  and  twenty  acres  are  to  be 
brought  under  irrigation  and  cultivated  in  truck  gardens. 

J.  R.  Freeman  has  a  6-horsepower  gasoline  engine  that  runs  a  4-inch 
Morris  centrifugal  pump,  working  under  a  lift  of  26  feet.  The  esti- 
mated capacity  is  350  gallons  a  minute.  The  plant  cost  $675.  Ten 
acres  of  vegetables  are  irrigated. 

Olover  system, — The  plant  of  Frank  Glover  consists  of  a  35-horse- 
power  gasoline  engine  and  a  12-inch  Van  Wie  pump,  operating  against 
a  lift  of  35  feet.  The  water  is  pumped  from  San  Marcos  River,  and  it 
is  intended  to  irrigate  alfalfa  and  other  crops.  The  soil  is  black  and 
rich,  and  will  produce  well.     The  plant  will  irrigate  100  acres  in  1902. 

Lowman  system. — Xear  the  town  of  Staples,  oji  San  Marcos  River, 
R.  J.  Lowman  has  a  small  irrigation  plant  in  operation.  The  water 
is  elevated  to  a  height  of  about  21  feet,  by  means  of  an  undershot 
water  wheel  carrying  buckets  on  its  circumference.  The  power  is 
obtained  from  a  9-foot  dam  across  the  river.  The  capacity  of  the 
wheel  is  300  gallons  a  minute.  At  present  only  3  acres  (a  truck 
garden)  are  irrigated,  and  the  wheel  is  not  used  to  its  full  capacity. 

Jones  system. — About  5  miles  below  San  Marcos,  on  San  Marcos 
River,  J.  O.  Jones  irrigat-es  a  farm  of  20  acres  by  means  of  the  power 
obtained  from  a  7-foot  milldam.  He  uses  a  6-inch  centrifugal  pump 
having  a  capacity  of  1,000  gallons  a  minute  and  one  2-inch  rotary 
pump  having  a  capacity  of  125  gallons  a  minute.  The  water  is  lifted 
to  a  height  of  31  feet.  Part  of  it  is  pumped  into  a  reservoir  in  the 
field,  and  the  remainder  is  run  directly  from  the  pump  to  the  field 
and  there  distributed.  This  is  the  first  year  the  farm  has  been  irri- 
gated.    The  crop  is  to  be  corn  and  alfalfa.     Cost  of  plant,  $600. 

Undershot  water  ivlieeh. — Near  San  Marcos  irrigation  on  a  small 
scale  is  practiced  by  the  use  of  underehot  wheels,  of  wood,  of  the 
simplest  form,  with  a  metal  bucket  fastened  to  the  perimeter  of  one 
side  of  the  wlieel  in  front  of  each  paddle.  These  buckets  fill  in  suc- 
cession as  the  wlieel  turns  and  empty  into  a  trough  above,  thus  rais- 
ing the  water  to  a  height  of  very  nearly  the  diameter  of  the  wheel. 
The  wheel  owned  by  Capt.  John  Richards  irrigates  2  acres  of  grapes 
and  vegetables,  while  that  of  D.  C.  Garret  irrigates  7  acn^s. 

SY8TKM8  AliONG  TjOWER  IS^UKCES  RIVER,  LOWER  RIO 

GRAIS^DE,  AIS^D  L.EONA  RIVER. 

Nueces  River  rises  in  the  Edwards  Plateau  and,  with  its  tributaries, 
the  Leona  and  the  Frio,  drains  the  portion  of  Texas  between  Brackett, 
San  Antonio,  Corpus  Christi,  Encinal,  and  Carrizo  Springs.  In  this 
paper  "the  Lower  Rio  Grande"  refers  to  the  portion  of  that  river 
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below  Del  Rio.  The  irrigation  systems  along  the  Nueces  and  its  trib- 
utaries above  the  Southern  Pacific  Railroad  are  included  in  those  of 
the  Edwards  Plateau. 

LOWER  NUECES  RIVER. 

Doian  system. — Going  upstream,  the  first  irrigation  system  is  that 
of  Pat  Dolan,  which  is  0  miles  below  the  crossing  of  the  Southern 
Pacific  Railroad.  It  consists  of  a  15-horse power  gasoline  engine 
operating  a  pump,  and  with  it  he  in-igates  his  gartlen  and  orchards. 
The  cost  of  the  plant  was  $735,  and  at  the  time  of  its  erection  gaso- 
line was  selling  at  12  cents  a  gallon,  and  he  says  that  irrigation  under 
those  circumstances  could  be  made  to  pa3^ 

COTULLA  AND   VICINITY. 

Near  Cotulla  there  are  seven  very  effective  pump-irrigation  systems: 

Capp^systeyn. — The  plant  of  George  Copp  is  the  oldest,  and  origi- 
nally coat  $1,000.  It  consists  of  a  12-hor8epower  duplex  steam  engine 
and  a  4-inch  discharge  pump,  which,  working  against  a  lift  of  45  feet, 
has  an  estimated  capacity  of  330  gallons  a  minute.  The  water  is 
pumped  from  Nueces  River  and  is  delivered  through  3,000  feet  of  pipe. 
The  chief  crop  is  Bermuda  onions.  It  costs  from  115  to  $25  an  acre 
to  irrigate,  dex)ending  upon  the  season.  The  yield  is  from  15,000  to 
30,000  pounds  an  acre,  and  as  the  onions  command  from  H  to  4  cents 
a  pound  the  revenue  is  from  1225  to  $600  an  acre.  In  all  Mr.  Copp 
irrigates  150  acres. 

Butler  system. — W.  P.  Butler's  plant  irrigates  10  acres  by  the  use 
of  a  4-hor8epower  gasoline  engine  and  a  centrifugal  pump  having  a 
3-inch  discharge  pipe.  The  water  is  pumped  from  Butler  Lake  and 
from  Nueces  River,  and  is  raised  31  feet  through  600  feet  of  delivery 
pipe.  The  system  cost  $700.  The  principal  crop  raised  is  Bermuda 
onions.  The  yield  per  acre  and  the  price  commanded  are  the  same  as 
in  the  case  of  Mr.  Copp.  Without  rainfall  the  onions  must  be  irrigated 
every  fifteen  days,  while  cabbages  rec^uire  water  only  once  a  month. 

Kaley  &  Fuller  system. — The  plant  of  Kaley  <fc  Fuller  consists  of  a 
50-horsepower  steam  engine  and  a  centrifugal  pump  having  a  3-inch 
discharge.  Water  is  pumped  from  Nueces  River  against  a  head  of 
26  feet.  The  estimated  capacity  is  6()()  gallons  a  minute,  and  30  acres 
of  Bermuda  onions  and  cabbages  are  irrigati^d.  The  cost  of  the  plant 
was  $1,200.  The  yield  and  the  revenue  are  the  same  as  from  the 
plants  previously  mentioned. 

Uhl  system. — The  plant  of  Alexander  Uhl  cost  $1,200,  and  consists 
of  a  12-horsepower  steam  engine  and  a  centrifugal  pump  having  6-inch 
discharge,  operating  against  a  lift  of  28  feet.  The  capacity  is  esti- 
mated at  500  gallons  a  minute,  and  35  acres  of  Bermuda  onions  are 
irrigated.  The  water  is  pumped  from  Harris  Lake  and  from  Nueces 
River,  and  is  delivered  through  1,150  feet  of  pipe. 
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Davis  system. — The  plant  of  J.  H.  Davis  consists  of  a  12-hor8epower 
steam  engine  and  a  duplex  pump  costing  $1,000,  and  irrigates  100 
acres  of  onions  and  tomatoes.  The  water  is  pumped  from  Nueces 
River,  and  is  delivered  through  2,000  feet  of  pipe.  The  capacity  of 
the  plant  is  estimated  to  be  200  gallons  a  minute. 

Seufddt  system, — The  plant  of  11.  G.  Seafeldt  consists  of  a  15- 
horsepower  steam  engine  and  a  duplex  pump  having  a  4rJ-inch  dis- 
charge, and  irrigates  150  acres.     Principal  crop,  Bermuda  onions. 

Hargus  &  Poole  system. — The  plant  of  Hargus  A  Poole  consists  of 
a  12-horsepower  steam  engine  and  a  duplex  pump  having  a  6-inch  dis- 
charge. The  plant  cost  $800.  Water  is  pumped  from  Nueces  River 
and  is  delivered  through  500  feet  of  pipe. 

UVALDE. 

Kiigore  system. — Six  and  a  half  miles  west  of  Uvalde,  on  the  left 
bank  of  Nueces  River,  is  the  plant  of  M.  H.  Kiigore  and  associates. 
A  55-horsepower  engine  operates  a  centrifugal  pump,  which  delivers 
1,500  gallons  a  minute  (3^  second-feet)  against  a  head  of  73  feet. 
Wood  is  used  as  fuel,  and  as  it  is  plentiful,  the  cost  is  nominal.  The 
main  ditch  is  2  miles  long,  6  feet  wide  at  top,  2  feet  at  bottom ;  average 
depth,  2  feet.  The  plant  was  started  in  1901,  and  250  acres  of  the 
black,  waxy,  and  sandy  loam,  most  of  it  in  alfalfa,  were  irrigated. 

IDLEWILD. 

Master  son  system. — Near  Idle  wild,  on  the  Southern  Pacific  Railroad, 
Branch  T.  Masterson  has  installed  a  pumping  plant  on  Medina  River. 
Steam  is  supplied  from  a  60-horsepower  boiler,  which  operates  the  gin 
and  mill,  while  the  pump  (8  and  Y2  by  12  by  10  inches)  is  connected 
direct.  The  head  is  50  feet.  The  system  was  installed  in  the  spring 
of  1901,  and  200  acres,  in  oats  and  cotton,  were  irrigated.  Medina 
River  flows  only  about  half  of  the  year,  but  the  plant  is  near  a  large 
pool  in  the  river,  which  will  furnish  a  supply  at  low  stages. 

CARRIZO   SPRINGS  AND   VICINITY. 

J.  8.  Taylor  system. — Two  miles  below  the  iron  bridge  across 
Nueces  River,  on  the  road  from  Cotulla  to  Carrizo  Springs,  J.  S.  Tay- 
lor operates  a  pumping  plant  consisting  of  a  25-horsepower  Buckej'^e 
engine,  a  30-horsepower  boiler,  and  an  8-inch  centrifugal  pump  having 
()-inch  discharge.  The  lift  is  25  feet,  and  60  acres  of  onions,  corn, 
and  oats  are  irrigated.  The  water  is  pumped  into  a  surface  reservoir 
of  about  2  acres  area,  located  about  300  feet  from  the  pump.  The 
ditch  leading  from  the  reservoir  to  the  field  is  one-fourth  mile  long. 
The  pump  is  100  yards  above  the  dam  mentioned  below. 

3f.  A.  Taylor  system. — On  the  ranch  of  M.  A.  Taylor  a  dam  has 
been  constructed  across  Nueces  River  about  2  miles  below  the  iron 
bridge  just  referred  to.  The  dam  is  20  feet  high  in  the  center  and 
34  feet  high  on  each  side;  wasteway  50  feet;  length  of  dam  about  170 
feet.     The  dam  is  of  live-oak  log  cribs  filled  with  stones  and  backed 
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with  stones,  cement,  gravel,  and  clay.  The  lake  at  low  water  is  20 
feet  deep  and  5  miles  long.  To  run  the  water  out  on  gravity  the  dam 
would  have  to  be  built  29  feet  high,  which  would  give  the  water  in  the 
canal  a  total  fall  of  3  feet.  The  dam  can  be  built  35  feet  high,  which 
would  give  a  storage  head  of  9  feet,  and  would  make  a  lake  10  miles 
long.  The  canal  would  be  1  mile  in  length  and  would  turn  the  water  out 
on  gravity  about  1  mile  southeast  of  the  ranch  house.  A  storage  dam 
12  feet  high  and  200  feet  long  is  to  be  constructed  about  three-fourths 
of  a  mile  north  of  the  soldier  stone  bridge,  which  would  create  a  lake 
10  feet  deep  and  10  miles  long.  To  increase  the  height  of  the  present 
dam  to  29  feet  in  the  center  and  40  feet  on  each  end,  making  it  about 
500  feet  long,  and  to  build  the  mile  of  canal  6  feet  wide  on  bottom  and 
with  a  slope  of  i  to  1,  would  cost  $6,000. 

Ariesian-ivell  systems. — At  Carrizo  Springs  artesian  water  can  be 
obtained  at  a  depth  of  about  100  feet.  Artesian-well  irrigation,  how- 
ever, is  in  its  infancy.  The  wells  100  feet  deep  have  a  slow  flow, 
although  those  of  greater  depth  show  a  largely  increased  flow.  The 
Paterson  well  is  590  feet  deep  and  has  a  flow  of  about  200  gallons  a 
minute,  while  the  Campbell  well,  5  inches  in  diameter,  has  a  depth  of 
350  feet  and  a  flow  of  50  gallons  a  minute.  These  wells  have  not  yet 
l)een  used  for  irrigation,  as  they  were  completed  late  in  1901.  Mr. 
Camptell  has  installed  a  15-horsepower  gasoline  engine  and  a  5-inch 
centrifugal  pump  to  augment  his  supply,  and  has  constructed  two 
earth  tanks  having  a  total  area  of  2  acres  and  an  average  depth  of  8 
feet.  A  well  with  a  flow  equal  to  the  Patterson  well  could  irrigate, 
under  economical  distribution,  from  50  to  100  acres,  depending  on  the 
season. 

The  Carrizo  Springs, — No  attempts  have  been  made  to  utilize  the 
flow  of  the  famous  Carrizo  Springs  for  either  power  or  irrigation. 

LEONA  RIVER. 

The  behavior  of  Leona  River  has  been  very  irregular  for  several 
years.  The  Leona  Spring,  the  source  of  its  supply,  is  in  the  suburbs 
of  Uvalde.  It  was  dry  in  1885,  but  soon  revived  and  continued  flow- 
ing until  1893,  when  it  again  stopped  and  has  not  flowed  since.  In 
1893,  before  the  spring  ceased  to  flow,  a  pumping  station  for  the  city 
water  supply  was  built  on  the  banks  near  the  spring,  but  a  year  or 
two  after  the  spring  failed,  the  pumping  plant  was  transferred  to  its 
present  location,  within  150  yards  of  the  court-house.  At  the  new 
station  a  pit  15  feet  by  15  feet  by  24  feet  deep  was  excavated,  and  the 
pumps  wore  placed  in  its  bottom.  A  well  4  feet  by  7  feet  was  sunk 
in  the  bottom  of  the  pit  to  a  depth  of  16  feet,  or  to  the  49-foot  level 
below  the  surface  of  the  ground,  from  which  water  was  pumped  to  a 
standpipe.  At  first  the  water  rose  in  the  well  to  within  35  feet  of  the 
surface,  but  in  December,  1897,  it  was  noticed  that  the  supply  was 
failing,  and  it  continued  to  fail  until  May,  1898,  when  a  second  pit 
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10  feet  by  10  feet  by  9  feet  deep  was  excavated  on  the  southwest  side 
of  the  first  or  main  pit,  and  in  it  a  well  was  sunk  until  its  bottom  was 
63  feet  below  the  surface.  The  pumps  were  then  placed  in  the  second 
pit,  making  their  position  about  33  feet  below  the  surface.  In  Janu- 
ary, 1899,  however,  the  water  level  had  fallen  so  low  that  it  was  nec- 
essary to  bore  in  the  pump  well  three  wells  of  a  depth  of  from  30  to  35 
feet,  reaching  a  total  depth  of  98  feet  below  the  surface. 

In  Juno,  1899,  after  the  heavy  rains  over  southwestern  Texas, 
known  as  the  Brackett  flood,  the  water  was  standing  at  about  the 
93- foot  level  and  was  slowly  rising.  On  September  16,  1900,  the 
water  had  risen  to  within  2  feet  of  the  pumps,  or  to  the  35-foot  level. 
In  other  words,  in  fifteen  months  the  water  had  risen  about  58  feet, 
or  nearly  4  feet  a  month.  It  continued  to  rise,  and  on  December  1 
had  reached  the  pumps  and  arrcingements  were  made  to  raise  them. 
Accurate  measurements  during  September,  1900,  showed  that  the 
water  was  at  that  time  rising  in  the  wells  at  the  rate  of  4  inches  a 
month. 

Between  the  Leona  Spring  and  the  brickyard  crossing,  on  the  road 
from  Uvalde  to  Pearsall,  there  are  several  small  springs  which  con- 
tribute to  the  flow  of  the  river,  the  largest  being  the  Mulberry  Spring. 
During  the  early  part  of  1900  this  spring  was  flowing,  but  in  Sep- 
tember of  that  year  its  flow  had  ceased.  On  December  1,  however, 
it  had  a  flow  of  about  1  second-foot.  In  1895  the  discharge  of  Leona 
River  at  the   brickyard   crossing  was  11  second-feet,  but  in  June, 

1899,  the  river  was  dry  at  the  ford,  and  there  was  no  water  flowing 
between  Uvalde  and  old  Fort  Inge,  4  miles  below,.    On  December  17, 

1900,  the  flow  at  the  brickyard  crossing  was  5  second-feet. 
There  are  a  number  of  irrigation  systems  along  the  river. 

UPPER  DITCH. 

In  1874  a  dam  of  dirt  and  logs  was  constructed  across  the  river 
near  old  P^ort  Inge.  It  had  a  length  of  53  feet  and  a  height  of 
6  feet.  The  ditch  known  as  the  Upper  ditch  was  taken  out  on  the 
east  side,  the  topography  being  such  that  a  deep  cut  had  to  be  made 
in  the  bank  of  the  river.  In  all  there  are  about  5  miles  of  ditches  in 
this  system,  of  the  usual  depth  of  6  feet  and  of  a  width  of  4  feet. 
Six  hundred  and  thirty  acres  are  irrigated  from  it.  The  crops  raised 
are  corn,  hay,  cotton,  and  onions.  The  yields  per  acre  are  30  bushels 
of  corn,  4  tons  of  hay,  1  bale  of  cotton,  and  15,000  pounds  of  onions. 

LOWER  DITCH. 

The  Lower  ditch  was  constructed  in  1871.  It  is  4^  miles  long,  C 
feet  wide,  and  generally  about  3  feet  deep.  A  dirt-and-log  dam  50 
feet  long  and  6  feet  high  forces  the  water  into  the  ditch.  The  soil  is 
a  rich  sandy  loam.  Three  hundred  acres  are  irrigated,  the  crops 
being  corn,  hay,  and  (H>tton.  The  yield  is  about  the  same  a«  along 
the  Upper  ditch. 
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COMANCHE  IRRIGATION  COMPANY'S  DITCH. 

In  Zavalla  County,  2^  miles  above  Batesville,  the  Comanche  Irriga- 
tion Company  has  taken  out  a  ditch  on  the  west  side  of  Leona  River. 
(See  ficr.  16.)  It  is  2|  miles  long^  7  feet  gi'eat4?st  depth,  and  4  feet 
wide.  The  dam  that  deflects  the  water  into  the  ditch  is  about  100 
feet  long  and  15  feet  high,  and  was  first  constructed  in  1870,  but  had 
to  be  rebuilt.     The  ditch  at  first  runs  due  west  from  the  lake  formed 
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Pig.  16.— Map  of  Comanche  Irrigation  Company's  dit<*h  near  Batesville. 

by  the  dam  for  a  distance  of  about  1  furlong,  and  then  curves  to  the 
south,  and  for  2  miles  runs  almost  parallel  with  the  river,  and  then 
branches,  in  order  to  bring  more  land  under  it.  The  soil  is  a  dark 
sandy  loam  of  great  depth,  rich  and  easily  cultivated,  and  is  known  as 
black  mesquite.  The  company  irrigates  500  acres  of  corn,  oats,  cane, 
hay,  cotton,  fruits,  and  garden  truck.  The  corn  yields  35  bushels 
and  the  cotton  1  bale  to  the  acre. 
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LOWER  RIO  GRANDE. 

The  Rio  Grande  Valley  forms  one  of  the  most  inviting  fields  for 
irrigation  on  a  large  scale  that  can  be  found  in  Texas.  At  Browns- 
ville the  valley  is  35  miles  wide,  decreasing  slightly  upstream  toward 
Hidalgo.  Five  miles  above  Hidalgo  the  width  suddenly  decreases, 
and  from  there  on  it  varies  considerably,  being  at  most  a  few  miles 
and  often  almost  nothing.  There  are  from  180  to  200  square  miles 
of  rich  and  fertile  valley  land  that  could  be  brought  into  active  pro- 
duction by  clearing  up  the  land,  constructing  canals,  and  installing 
pumping  machinery.  The  minimum  flow  of  the  river  at  Laredo  is  2,500 
second-feet,  and  remembering  that  1  cubic  foot  per  second  will  irri- 
gate and  keep  flooded  50  acres  of  rice,  it  can  readily  be  seen  that  the 
natural  factors  of  soil  and  water  only  await  utilization  to  inaugurate 
a  successful  rice  and  sugar  industry  along  the  Rio  Grande.  Sytems 
have  already  been  built  near -Eagle  Pass,  at  North  Laredo  and  Hi- 
dalgo, ^nd  at  Brownsville  and  vicinity,  as  described  on  th  .^  following 
pages. 

EAGLE  PASS. 

Dolch  sysf'em, — Just  below  Eagle  PavSs  L.  F.  Dolch  has  put  in  a  large 
pumping  plant  with  which  he  will  irrigate  400  acres  of  the  Rio  Grande 
bottoms.  His  machinery  consists  of  a  125-horsepower  Frost  engine 
and  two  80-horsepower  boilers,  operating  two  centrifugal  pumps  of 
14-inch  discharge  against  a  lift  of  45  feet.  The  estimated  capacity  is  22 
second-feet.  The  plant  is  on  the  banks  of  the  river,  the  pumps  l)eing 
in  a  pit  31  feet  deep  and  20  feet  in  diameter.  The  water  is  drawn 
from  the  river  through  a  14-inch  suction  pipe  300  feet  long,  and  is  dis- 
charged through  1,100  feet  of  14-inch  discharge  pipe. 

NORTH  LAREDO. 

In  North  Laredo,  on  the  banks  of  the  Rio  Grande,  there  are  three 
pumping  plants  for  irrigation. 

Nye  system. — The  plant  of  F.  C.  Nye  consists  of  two  60-horsepower 
boilers  and  a  Quincy  duplex  pump  having  a  capacity  of  800  gallons  a 
minute  (1.8  second-feet)  against  a  head  of  65  feet.  The  water  is 
pumped  from  a  well  on  the  sloping  banks  of  the  river.  The  well 
extends  below  the  level  of  low  water  and  is  connected  to  the  river  by 
a  pipe.  It  is  well  built,  about  12  feet  in  diameter,  and  is  lined  with 
brick.  The  pump  is  on  a  platform  in  the  well.  Only  12  acres  are 
irrigated,  but  75  acres  could  easily  be  served.  The  pumps  are  usually 
operated  eleven  hours  a  day,  at  a  cost  of  $7.50  for  repairs,  coal,  engi- 
neer, etc.  The  fuel  used  is  the  Pecos  coal,  which  costs  W.So  a  ton. 
The  land  is  watered  twice  a  month,  and  the  yield  is  21,000  pounds  of 
onions  to  the  acre  for  unfertilized  land  and  31,000  pounds  to  the  acre 
for  fertilized  land. 

Lithgow  system, — The  plant  of  F.  II.  Lithgow  is  about  a  half  mile 
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below  th'^  Nye  plant,  and  consists  of  a  20-hor9epower  gasoline  engine 
and  an  8  by  10  Van  VV^ie  triplex  pump,  which  has  a  capacity  of  400 
gallons  a  minute  against  a  head  of  70  feet.  The  water  is  delivered 
through  a  pipe  830  feet  long.  The  cost,  including  oil,  is  $3.25  per  day 
of  eleven  hours.  The  engine  runs  without  supervision  and  can  water 
30  acres  a  day.  The  soil  is  alluvial,  10  feet  deep,  underlain  with  clay. 
The  crops  raised  are  onions,  tomatoes,  cabbages,  carrots,  turnips, 
watermelons,  and  cantaloupes.     In  all  38  acres  are  irrigated. 

Madrigal  system. — The  plant  of  S.  V.  Madrigal,  which  adjoins  the 
Lithgow  plant,  consists  of  a  10-horsepower  Weber  gasoline  engine  and 
a  6  by  8  triplex  pump  raising  200  gallons  a  minute  against  a  lift  of  70 
feet.  One  acre  a  day  is  irrigated,  and  each  section  of  land  is  watered 
every  twelve  to  fifteen  days.  The  pump  is  an  upright  direct-stroke 
and  is  operated  by  a  belt  from  the  engine.  The  suction  pipe  is  a 
4-inch,  and  the  water  is  pumped  from  a  well  connected  with  the  river 
similarly  to  that  of  the  Nye  plant.  The  well  is  5  by  5  feet  and  is 
lined  with  timber. 

HIDALGO. 

Closner  system. — At  Hidalgo,  down  toward  the  mouth  of  the  Rio 
Grande,  is  a  steam  pumping  plant  owned  and  operated  by  John 
Closner.  It  consists  of  a  60-horsepower  engine  operating  a  centrifugal 
pump  having  a  capacity  of  6.7  second-feet.  The  water  is  pumped 
from  the  Rio  Grande,  and  200  acres  of  sugar  cane  and  corn  are  irri- 
gated. The  principal  crop  is  sugar  cane,  which  is  manufactured  into 
sugar  that  finds  a  ready  market.  This  plant  has  proved  one  of  the 
most  successful  in  Texas,  and  it  is  paying  an  excellent  return  for  the 
outlay. 

BROWNSVILLE  AND  VICINITY. 

Brulay  system. — George  Brulay,  of  Brownsville,  has  a  pumping 
plant  worthy  of  attention.  Is  is  8  miles  below  Brownsville,  in  Cam- 
eron County,  and  was  completed  and  first  used  in  1896.  It  consists 
of  two  boilers,  having  an  aggregate  capacity  of  100  horsepower,  and  a 
45-horsepower  Morris  centrifugal  pump,  having  a  maximum  capacity 
of  8,000  gallons  a  minute,  or  17.82  second- feet.  The  total  lift  is  22 
feet,  and  when  in  use  the  pump  is  run  about  fourteen  hours  a  da3\ 
It  is  designed  to  cover  300  acres,  but  so  far  only  240  acres,  planted  in 
sugar  cane,  have  been  irrigated.  A  high-grade  sugar  is  made  from 
the  cane  juice. 

Goodrich  systems. — E.  II.  Goodrich  reports  having  installed  a 
10-horsepower  Priestman  engine  in  a  resaca  on  his  place,  6  miles  north 
of  Brownsville,  in  March,  1807,  but  he  has  used  it  very  little,  owing 
to  favorable  weather  and  to  the  fact  that  the  ditches  are  not  yet 
finished.  With  two  12-foot  windmills  on  the  same  place  he  can  irri- 
gate 35  acres.  He  also  irrigates  between  15  and  18  acres  on  his  place, 
3  mile^  north  of  Brownsville,  by  means  of  a  14-foot  windmill  pumping 
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from  a  well  in  the  bank  of  a  resaca.  The  distance  to  the  water  varies 
from  5  to  12  feet,  and  the  pumps,  which  are  three  in  number,  dis- 
charge into  a  fluiue  connected  directly  with  the  ditches.  The  total 
cost  of  the  latter  plant  was  $300. 

Tijerina  system. — Tomas  Tijerina,  Sabos  Cavazas,  and  Pedro  Cerna, 
on  a  farm  about  9  miles  above  Brownsville,  raise  sugar  cane  by 
subirrigation  from  the  Rio  Grande.  The  cane  is  ground  in  an  old- 
fashioned  sugar-cane  mill,  and  the  juice  is  caught  and  boiled  down  to 
a  consistency  that  will  readily  mold.  The  molds  are  of  the  form  of  a 
frustum  of  a  cone  of  about  4  inches  base.  After  the  sugar  is  molded 
it  is  known  as  pilofwillo.  It  is  ^^s^  pure  sugar,  is  hard,  breaks  readily, 
and  the  light  varieties  have  a  taste  similar  to  that  of  maple  sugar. 
The  lumps  are  wrapped  in  the  foliage  of  the  cane  and  are  put  up  in 
packages  of  150  pounds,  forming  what  is  called  a  cargo,  equal  in 
volume  to  six  American  bushels.  PUoiiciUo  is  one  of  the  chief  com- 
modities of  the  Mexicans  of  the  Lower  Rio  Grande. 

COIiORADO  VALIiEY  SYSTEMS. 

The  irrigation  SJ^stems  in  this  section  include  those  in  the  Colorado 
Basin  which  are  within  a  short  distance  of  the  river  or  immediately 
upon  it.  The  Edwards  Plateau  is  drained  on  the  north  by  the  tribu- 
taries of  the  Colorado,  but  the  irrigation  systems  on  those  tributaries 
are  described  in  the  Edwards  Plateau  group,  pages  25  to  51. 

STERLING  COUNTY. 

The  first  systems  along  the  Colorado  or  its  branches  are  in  Sterling 
County,  along  the  North  Concho.  There  are  two  of  them,  one  owned 
by  the  McGee  Irrigation  Company  and  the  other  by  J.  N.  and  J.  H. 
Kellis. 

McGee  Irrigation  Company  system, — This  plant  is  5  miles  from 
Sterling  City.  The  main  ditch  is  on  the  southwest  side  of  the  river. 
It  is  2  miles  long,  has  a  top  width  of  6  feet,  a  bottom  width  of  4  feet, 
and  carries  about  1  foot  of  water.  It  was  begun  in  1892  and  was  first 
used  in  181)4.  The  water  is  raised  by  a  loose-rock  dam  125  feet  long 
and  6  feet  high,  built  across  the  river.  The  toUil  cost  was  $1,500,  and 
it  commands  250  acres,  only  70  of  which  are  irrigated.  The  principal 
crops,  in  order  of  their  importance,  are  cotton,  corn,  sorghum,  oat8, 
sweet  potatoes,  alfalfa,  €and  vegetables.  The  ditch  is  kept  in  repair 
by  each  stockholder  doing  his  share  of  the  work. 

Kellis  system. — The  Kellis  phint  was  constructed  in  1889  on  the 
northeast  side  of  the  North  Concho.  The  ditch  is  1  mile  long,  top 
width  G  feet,  bottom  width  4  feet,  depth  2  feet.  The  water  is  deflected 
into  the  ditch  by  a  loose-rock  dam  50  feet  long  and  of  an  average 
height  of  5  feet.  The  soil  irrigated  is  a  loose  gray  loam.  Fifty  acres 
are  served  from  the  ditch,  the  crops  being  cotton,  corn,  cane,  oats, 
potatoes,  and  Johnson  grass. 
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IRION  COUNTY. 

Near  Sherwood,  in  Irion  County,  there  are  three  dams  across  Spring 
Creek,  the  headwaters  of  Concho  River.  These  are  known  as  the 
upper,  the  middle,  and  the  lower  dam,  and,  although  injured  consid- 
erably by  the  floods  of  1900  and  1901,  each  dam  has  its  irrigation  sys- 
tem in  the  chocolate-colored  loam  of  the  river  valley.  The  upper  and 
middle  dams  are  3  and  2  miles,  respectively,  above  Sherwood.  The 
ditches  from  them  irrigate  26G  and  21G  acres.  The  lower,  or  Stein- 
baugh  dam,  is  a  half  mile  from  Sherwood,  and  the  ditch  from  its  res- 
ervoir irrigates  153  acres.  The  crops  raised  command  the  higliest 
market  price,  as  competition  is  practically  out  of  the  question.  The 
Sherwood  system  commands  in  all  635  acres. 

TOM  GREEN  COUNTY. 

In  Tom  Green  County  the  irrigation  facilities  furnished  by  Concho 
River  and  its  numerous  branches  and  tributaries  are  among  the  best 
to  be  found  anywhere  in  western  Texas.  These  have  l)een  only  par- 
tially utilized,  however,  in  separate  systems,  by  individuals  and  small 
companies,  making  the  cost  of  maintenance  much  greater  than  if  con- 
solidated. Nevertheless  they  have  been  fairly  successful,  and  have 
certainly  reduced  the  cost  of  living  in  that  section,  making  foodstuffs, 
especially  vegetables,  much  cheaper  and  more  abundant.  Eleven 
plants  are  reported  in  the  county — six  on  the  South  Concho,  one  on 
the  North  Concho,  one  on  Lipan  Creek,  and  one  each  on  Spring  Creek 
and  Dove  Creek.  The  location  of  all  of  these  ditches,  except  the  one 
on  the  North  Concho  (the  Williams  or  Joe  Glenn  ditch)  and  the  one 
on  Lipan  Creek  (the  Kelly  ditch),  is  shown  in  fig.  17.  The  total  area 
irrigated  in  the  county  is  3,500  acres. 

Williams  or  Joe  Glenn  ditch. — The  ditch  of  Mrs.  W.  D.  Williams, 
known  as  the  Joe  Glenn  ditch,  is  on  the  North  Concho,  1 J  miles  west 
of  Water  Valley.  It  is  3  miles  long,  8  feet  wide  on  top,  4  feet  wide  on 
bottom,  and  2i  feet  deep.  It  was  first  used  in  1880,  and  is  supplied 
with  water  by  a  rock  dam  across  the  river,  KX)  feet  long  and  of  an 
average  height  of  8  feet.  The  total  cost  of  the  system  was  $3,500,  and 
it  commands  350  acres,  225  of  which  have  been  irrigated,  two-thirds 
in  cotton  and  the  remainder  in  different  sorghums  and  oats. 

Olenmare  farm  ditch, — Two  miles  southeast  of  San  Angelo  is  the 
celebrated  Glenmore  farm,  sometimes  known  as  the  Cunningham  farm, 
owned  by  A.  F.  Mabry.  In  1891  a  timber  dam  of  the  kind  known  iis 
"turtle  back,"  74  feet  long  and  of  an  average  height  of  7  feet,  was 
built  across  the  South  Concho,  and  from  it  a  ditch  4  miles  long  and  of 
an  average  width  of  G  feet  and  an  average  depth  of  14  feet  conducts 
the  water  to  the  land  irrigated.  1'he  dam  cost  $4,000  and  the  ditch 
1500  a  mile.  The  soil  is  a  black  sandy  loam,  and  alfalfa,  celery,  cot- 
ton, and  garden  truck  are  produced  in  abundance.     About  20  acres 
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are  confined  to  a  garden.  The  famous  Glenmore  celery  is  produced 
here.  Ninety  acres  are  irrigated,  and  the  jueld  of  alfalfa  is  4  tons  to 
the  acre. 


Fio.  17.— Map  showing  location  of  irrigation  ditches  In  Tom  Green  Connty:  1,  Cnnningham 
ditch;  2,  Bismarck  ditch;  3,  Twin  Mountain  ditch;  4,  Gardner  ditch;  5,  Metcalf  ditch;  6,  Baze 
ditch;  7,  San  Joso  ditch;  8,  South  Concho  Irrigation  Comimny  ditch;  0,  Milen  ditch. 

Bismarck  dUch, — The  Bismarck  ditch,  owned  by  Jones  &  Payne,  of 
San  Angelo,  is  7  miles  south  of  San  Angelo,  on  the  east  side  of  the 
South  Concho.  It  was  projected  by  the  Hen  Ficklein  Irrigation  and 
Manufacturing  Company,  and  was  constructed  in  1875.     It  is  4  miles 
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long,  10  feet  wide,  and  of  an  average  depth  of  2.9  feet.  A  brnsh-and- 
rock  dam  80  feet  long  and  10  feet  high  deflects  the  water  into  the  diteh. 
The  dam  cost  $1,500  and  the  ditch  cost  $900  a  mile,  the  total  cost  l>eing 
about  $5,000.  The  soil  is  black  loam;  the  crop  raised  oats,  corn,  cot- 
ton, soi^hum,  and  Johnson  grass.  The  yield  per  acre  is  GO  bushels  of 
oats,  20  bushels  of  corn,  two-thirds  of  a  bale  of  cotton,  and  3  tons  of 
hay.  Six  hundred  acres  are  irrigated.  The  most  modern  methods  are 
used  on  this  farm.  The  ground  is  plowed  by  use  of  a  20-horsepower 
traction  engine,  which,  with  three  disk  plows,  breaks  up  25  acres  per 
day.  Two  crops  are  often  raised  on  the  same  land  in  one  j^ear.  When 
the  small  grain  is  cut,  a  crop  of  turnips  is  immediately  plante<1,  and 
these  are  off  in  time  for  small  grain  in  the  fall. 

Gardner  system. — The  plant  of  A.  F.  (iai-dner  is  on  the  west  side 
of  the  South  Concho,  12  miles  south  of  San  Angelo.  A  dam  of  brush 
and  rock  70  feet  long  and  6  feet  high,  costing  $4CX),  was  constructed 
in  1883.  It  deflects  the  water  into  a  ditch  2  miles  long,  0  feet  wide, 
and  of  an  average  depth  of  It)  inches.  The  ditch  cost  $250  a  mile, 
making  the  total  cost  of  the  system  $900.  In  all  70  acres  of  sandy 
loam  are  irrigated.  The  crops  are  oats,  cotton,  and  Johnson  grass, 
the  yield  being  60  bushels  of  oats,  two-thirds  of  a  bale  of  cotton,  and 
3  tons  of  grass  to  the  acre. 

Ttvin  Mountain  ditch. — The  Twin  Mountain  ditch  is  on  the  north 
side  of  the  river,  at  Spring  Creek,  12  miles  southwest  of  San  Angelo. 
It  is  owned  by  Charles  Mott,  of  San  Angelo.  A  wooden  dam  80  feet 
long  and  7  feet  high,  built  in  1885  at  a  cost  of  $2,000,  deflects  the 
water  into  the  ditch,  which  is  3  miles  long,  12  feet  wide,  and  15  inches 
deep,  and  cost  $500  a  mile.  lender  this  system  3(K)  acres  of  black 
loamy  land  are  irrigated.  The  crops  are  oats,  cotton,  and  Johnson 
grass,  the  yield  the  same  as  elsewhere  in  this  locality. 

Metcalf  ditch.— The  Metcalf  ditch  (owned  by  Metcalf  &  Sims)  is  12 
miles  south  of  San  Angelo,  on  the  east  side  of  the  South  Concho.  It 
is  4  miles  long,  with  an  aVerage  top  width  of  12  feet,  a  bottom  width 
of  8  feet,  and  a  depth  of  water  of  H  ^^^^-  ^^  was  begun  in  1887,  and 
the  first  mile  was  completed  the  next  year,  but  the  ditch  was  not 
entirely  completed  until  1896.  It  takes  water  by  means  of  a  brush- 
and-stone  dam  200  feet  long  and  7  feet  high,  which  extends  across  the 
river.  The  cx)st  of  the  dam  was  about  $500,  the  cost  of  tlie  main  ditch 
$500  a  mile,  and  the  cost  of  the  laterals,  of  which  there  are  three,  $250 
a  mile,  making  the  total  cost,  with  incidentals,  $7  to  each  of  the  470 
acres  now  irrigated.  The  repairs,  which  are  maintained  by  the  ten- 
ants, may  be  estimated  as  amounting  in  labor  to  75  cents  an  acre. 
The  crops  are  Johnson  grass,  cotton,  corn,  oats,  wheat,  and  garden 
truck. 

South  Concho  Irrigation  Company  ditch. — The  plant  of  the  South 
Concho  Irrigation  Company  was  constructed  in  1881.  It  is  on  the 
east  side  of  the  river,  20  miles  south  of  San  Angelo.     The  brush-and- 
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rock  dam  is  70  feet  long  and  7  feet  high,  and  cost  about  8G00.  The 
ditch  is  3  miles  long,  7  feet  wide,  and  av^erages  16  inches  in  depth.  It 
cost  $400  a  mile.  The  soil  is  rich,  black  loam,  and  the  220  acres  irri- 
gat/cd  yield  60  bushels  of  oats  and  3  tons  of  Johnson  grass  per  acre. 

San  Jose  Irrigation  Company  ditch. — The  dam  of  the  San  Jose 
Irrigation  Company  (of  which  Josei)h  Tweedy,  of  Knickerbocker, 
Tex.,  is  the  secretary)  is  on  Dove  Creek,  about  8  miles  from  Knicker- 
bocker. It  is  composed  of  brush,  rock,  and  gravel;  is  900  feet  long 
and  8  feet  high,  and  cost  about  Jl,250.  I^he  annual  repairs  cost  from 
$50  to  $100.  The  dam  deflects  the*  water  into  the  ditch,  which  is  0 
miles  long,  8  feet  wide,  and  1^  feet  deep,  and  cost  about  $300  a  mile. 
The  soil  is  chocolate-colored  loam,  and  1,400  acres  are  usually  irri- 
gated. The  crops  are  oats,  com,  cotton,  sorghum,  and  Johnson  grass, 
the  annual  yield  per  acre  being  40  bushels  of  oats,  20  bushels  of  corn, 
three-fourths  of  a  bale  of  cottou,  and  8  tons  of  hay.  This  is  by  far 
the  largest  irrigation  system  in  the  Colorado  Valley. 

Baze  irrigating  ditch. — Five  miles  below  the  dam  of  the  San  Jose 
Company  and  3  miles  from  Knickerbocker  is  the  dam  which  feeds  the 
Baze  irrigating  ditch.  This  was  constructed  m  1875  and  is  now 
owned  by  Dr.  Boyd  Cornick  and  others.  It  is  of  wood  and  rock,  48 
feet  long,  and  8  feet  high,  and  cost  about  $500.  The  ditch  is  on  the 
west  side  of  the  creek.  It  is  3  miles  long,  7  feet  wide,  and  1^  feet 
deep.  The  soil  is  similar  to  that  of  the  San  Jose  Company's  tract. 
One  hundred  and  sixty  acres  of  oats,  alfalfa,  and  cotton  are  irrigated. 

Kelley  system. — Twenty  miles  southwest  of  San  Angelo,  on  Lepan 
Creek,  is  the  system  of  Mr.  W.  S.  Kelley.  In  1804  he  constructed  a 
wooden  dam  40  feet  long  and  4  feet  high,  which  feeds  the  ditch.  The 
latter  is  1^  miles  long,  4  feet  wide,  and  about  1  foot  deep.  The  .soil 
is  a  sandy  loam.  Forty  acres  of  oats,  Johnson  grass,  and  garden  truck 
are  irrigated.     The  dam  cost  about  $150  and  the  ditch  $175  a  mile. 

BROWN  COUNTY. 

Sivinden  Pecan  Orchard  Company. — Near  Brownwood,  in  Brown 
County,  about  120  miles  east  of  San  Angelo,  there  is  a  large  area  suit- 
ably located  for  irrigation  on  an  extensive  scale.  In  it  is  the  plant 
of  the  Swinden  Pecan  Orchard  Company,  which  consists  of  a  centrif- 
ugal pump  operated  by  an  80-hoi'sepower  engine,  pumpiiig  3,000  gal- 
lons a  minute,  or  6.84  second-feet.  The  water  is  carried  by  a  flume 
4,000  feet  long  to  a  reservoir  formed  by  an  earthern  dam  400  feet 
long  and  of  a  height  varying  from  2  to  15  feet.  Tiie  dam  is  at  the 
foot  of  gently  sloping  land,  and  forms  a  triangular  reservoir  covering 
55  acres.  The  reservoir  is  designed  to  irrigate  the  400  acres  of  level 
land  lying  along  the  Pecan  Bayou,  from  which  the  water  is  pumped 
to  fill  it.  A  small  stream  is  also  dammed  and  turned  into  the  reser- 
voir. The  400  acres  commanded  by  the  reserv-oir  are  planted  in  i>ecan 
trees,  making  the  largest  orchard  of  that  kind  in  the  world.  The 
irrigation  plant  was  put  in  chiefly  U>  enable  the  owners  to  practice 
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truck  farming  and  the  growth  of  small  fruits  between  the  rows  of 
trees  while  waiting  for  the  latter  to  mature.  The  soil  is  a  rich  black 
and  chocolate  colored  loam.  A  great  mistake  was  originally  made  in 
having  the  reservoir  so  large  and  shallow.  Evaporation  and  seepage 
were  in  this  way  increased.  To  reduce  the  loss  by  evaporation  an 
inside  dam  has  been  constructed,  decreasing  the  area  of  the  reservoir. 
Fairland  irrigated  farm, — The  Fairlaud  irrigated  farm,  owned  by 
J.  F.  Smith  and  brother,  is  a  short  distance  from  Brownwoo<l.  Two 
pumping  plants  have  been  installed.  The  first  one  consists  of  an 
Ivens  single-suction  centrifugal  pump,  operated  by  a  50-horsepower 
Chandler  &  Taylor  plain  slide-valve  engine.  With  an  average  lift  of 
15  feet  4,000  gallons  a  minute  (9  second-feet)  can  be  discharged 
through  the  10-inch  discharge  pipe.  The  second  plant  consists  of  an 
Ivens  double  suction  pump  having  a  13-inch  discharge  pipe,  and 
driven  by  an  80-horsepower  Nagle  engine,  which  delivers  5,000  gal- 
lons a  minute  (11  second-feet)  against  a  head  of  30  feet.  The  length 
of  the  ditches  is  about  4  miles,  the  width  6  feet  at  top  and  3  feet  at 
bottom,  and  the  depth  1  foot.  There  are  4(X)  acres  under  ditch,  and 
\\  bales  of  cotton  per  acre  are  produced  from  irrigated  land,  while 
only  one-fourth  bale  can  be  produced  from  unirrigated  land.  The 
first  plant  cost  $2,000,  the  second  plant  $3,000,  making  a  total  of 
$5,000.     In  1900  high  water  destroyed  the  crop. 

MILLS  COUNTY. 

In  Mills  County  several  pumping  plants  were  formerly  operated 
along  Colorado  River,  but  the  high  water  in  June,  1899,  and  in  April, 
1900,  damaged  them  by  either  submerging  the  pumps  or  destroying 
ditches  and  crops  to  such  an  extent  that  some  of  the  owners  were  dis- 
couraged and  never  repaired  the  plants. 

LAMPASAS  COUNTY. 

FirHan  system. — One  mile  east  of  Lamp^isas  Mrs.  Owen  Finlan  for 
years  operated  a  windmill  plant,  the  water  being  pumped  into  a 
cement  tank  GO  feet  in  diameter.  In  1901  a  4-horsepower  gasoline 
engine  was  added.  This  plant  is  on  the  south  bank  of  the  Sulphur 
Fork  of  Lampasas  River,  and  pumps  the  water  from  the  pond  or  lake 
formed  by  Donovan's  dam.  The  water  is  raised  20  feet  by  a  bucket 
pump,  and  is  delivered  into  a  flume  wliich  conveys  it  to  the  cement 
tank.  From  the  tank  the  water  is  conveyed  to  the  land  through  a 
system  of  ditches.  Fifteen  acres  of  truck  gardens  are  sucH^essfuUy 
irrigated.  The  yield  of  onions  and  sweet  potatoes  is  exceptionally 
large.  Below  the  plant  of  Mrs.  Finlan  there  is  a  fertile  valley  that 
could  easily  be  bix)ught  under  ditch. 

TRAVIS  COUNTY. 

Near  Del  Valle,  in  Travis  County,  there  are  two  pump  plants. 
That  of  George  Begg  consists  of  a  60- horsepower  engine,  which  oper- 
ates a  10-inch  centrifugal  pump  against  a  lift  of  45  foet;  200  acres  in 
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ordinary  crops  will  be  irrigated.  The  plant  of  N.  II.  Shappard  con- 
sist*  of  a  12-hor8epower  engine  operating  a  6-inch  centrifugal  pump 
against  a  lift  of  40  feet.  Only  20  acres  were  irrigated  this  season 
(1902),  but  plans  have  been  formed  to  enlarge  the  system  by  adding 
a  46-hor8epower  boiler  and  two  10-inch  centrifugal  i)umps. 

SYSTEMS  NORTH  OF  COI^ORADO  RIVER. 

Irrigation  in  this  region  is  rare,  for  two  reasons:  (1)  The  section 
(the  eastern  portion)  where  the  streams  would  furnish  water  for  irri- 
gation has  sufficient  rainfall  to  raise  crops  unaided;  and  (2)  the 
western  portion,  including  the  Staked  Plains,  has  no  streams  available 
for  irrigation,  the  underground  waters  are  still  undeveloped,  and  the 
construction  of  impounding  reservoirs  has  commended  itself  neither  to 
private  enterprise  nor  to  public  favor. 

m 

BELL  COUNTY. 

Hoover  system — One  mile  west  of  Killeen,  in  Bell  County,  A.  J. 
Hoover  has  shown  what  could  be  done  by  windmill  irrigation.  His 
plant  consists  of  a  Dandy  windmill,  13  feet  in  diameter.  The  water 
is  pumped  from  a  pool  100  feet  from  the  windmill,  and  is  forced 
through  300  feet  of  3-inch  pipe  into  an  earthen  tank  50  by  100  feet, 
along  the  track  of  the  Gulf,  Colorado  and  Santa  Fe  Railroad.  The 
water  is  elevated  14  feet.  Five  and  a  half  acres  of  garden  are  irri- 
gated.    A  ready  market  is  found  for  all  vegetables  raised. 

BURNET  COUNTY. 

There  are  three  small  systems  in  Burnet  County,  two  from  springs 
and  one  from  the  Colorado  River.  The  latter  receives  its  water  from 
the  dam  of  the  Tanner  Brothers,  at  BluflFton,  and  30  acres  are  irrigated 
from  this  plant.  Ten  miles  west  of  Burnet,  Mr.  Williams  irrigates  15 
acres  in  a  truck  garden,  the  water  being  obtained  from  a  spring.  A 
similar  plant  is  locat-ed  10  miles  south,  at  Marble  Falls. 

WILLIAMSON  COUNTY. 

Tliere  are  a  few  small  patches  irrigated  in  the  western  and  central 
part,  but  these  consist  of  only  a  few  acres.  Early  in  1902  H.  T.  Sterns 
installed  a  pumping  plant  5  miles  north  of  Taylor  to  imgate  ordi- 
nary crops.  The  water  is  derived  from  San  Gabriel  River  by  means 
of  a  13-horsepower  (charter  gasoline  engine  operating  a  3-inch  Van 
Wie  centrifugal  pump.  The  dry-land  corn  around  Taylor  was  burned 
up  by  the  drought  of  1902,  and,  as  in  the  other  central  portion  of 
Texas,  it  was  cut  for  fodder.  However,  the  irrigated  corn  of  Mr. 
Stern  afforded  a  severe  contrast  to  the  dry-land  corn  of  his  neighbors; 
while  theirs  was  A'irtually  burned  up,  his  was  as  abundant  as  that 
grown  on  the  best  black  land.  The  soil  irrigated  here  is  in  the  black 
waxy  strip,  which  is  known  as  the  richest  lands  in  Texas. 
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The  few  small  systems  reftMTed  to  above  are  loeate<l  along  the  San 
Gabriel  and  derive  their  water  from  springs.  The  plant  of  II.  E. 
Townes  is  8  miles  west  of  (Georgetown,  and  he  irrigates  15  aeres  in 
tomatoes,  sweet  potatoes,  beans,  et<».,  from  the  old  Knight  spring. 
John  Ischy,  4  miles  west  of  Georgetown,  inigates  a  truck  gai*den  of 
7  acres  from  the  old  Harper  spring;  while  the  plant  of  W.  II.  Dona- 
than,  3  miles  west  of  Georgetown,  on  the  Middle  Gabriel,  irrigates 
his  truck  farm  from  a  si)ring,  in  two  levels,  the  lowest  being  irrigated 
from  the  ditches  that  lead  from  the  spring,  and  the  upper  by  means 
of  a  windmill  that  raises  the  water  l^  feet. 

MILAM  COUNTY. 

• 

Near  Cameron,  Milam  County,  five  i)umping  plants  were  installed 
somewhat  lat«  in  the  season  of  1902.  Four  of  these  take  their  water 
from  Little  River  and  the  other  from  a  spring.  The  plant  of  McLane  & 
Grain  is  2  miles  southwest  of  Cameron,  on  the  southeast  bank  of  Little 
River,  and  consists  of  a  100-horsepower  boiler,  a  75-horsepower 
engine,  and  an  8-inch  Van  Wie  pump  working  against  a  lift  of  27 
feet.  The  farm  consists  of  the  rich  black  shell  bottom  lands,  with  an 
admixture  of  sand  near  the  river  banks.  The  San  Antonio  and 
Aransas  Pass  Railway  passes  through  this  farm  on  a  high  trestle- 
work.  The  cotton  and  corn  had  just  been  watered  when  the  August 
floods  completely  submerged  a  large  part  of  the  crop,  killing  corn  and 
cotton  and  making  the  season's  work  a  complete  loss.  The  i)lant  of 
J.  M.  Crain  consists  of  a  10-horsepower  engine  and  a  3-inch  centrifu- 
gal pump  working  against  a  lift  of  2G  feet.  However,  no  results  wei*e 
obtained,  on  account  of  the  overflow  mentioned  above.  The  island 
farm  of  John  B.  McLane  lies  almost  south  of  Cameron,  on  the  south 
side  of  Little  River,  and  its  topography  is  such  that  the  ditches  have 
a  good  fall  as  they  leave  the  river  bank.  A  levee  along  the  river 
bank  above  the  pumping  plant  should  be  constructed  to  protect  the 
lands  from  destructive  overflows  of  the  river.  The  present  plant 
consists  of  a  20-horsepower  engine  which  operates  a  5-inch  Van  Wie 
centrifugal  pump  against  a  lift  of  27  feet.  There  are  175  acres  in  the 
farm,  and  it  is  intended  to  add  heavier  machinery  in  order  to  increase 
the  acreage.  Just  west  of  the  city  waterworks  plant,  on  the  north 
bank  of  the  river,  L.  F.  Blanchard  has  an  irrigated  truck  garden  of  20 
acres.  The  water  is  obtained  from  the  river  by  means  of  a  15-horse- 
power  stationary  steam  engine  which  operates  a  4-inch  centrifugal 
pump.  The  land  is  very  rich,  and  two  croi)s  are  readily  raised  each 
season.  The  6-acre  truck  garden  of  S.  J.  Brooks  is  a  mile  west  of 
Cameron,  and  is  irrigated  from  a  reservoir  directly.  The  water  from 
a  spring  is  piped  to  a  fish  pond,  from  which  it  is  pumped  into  the 
ditches.  The  plant  consists  of  a  2.5-horsepower  Weber  gasoline 
engine  which  operates  a  2-inch  rotary  i)ump  against  a  lift  of  G  feet. 
The  land  irrigated  was  formerly  an  old  quagmire. 
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STAKED  PLAINS. 

The  staked  Plains  is  a  great  plateau,  about  36,000  square  miles  in 
extent,  with  an  almost  flat  surface  which  gradually  rises  from  an 
elevation  of  3,000  feet  to  4,500  feet  above  sea  level.  Flowing  water, 
except  from  a  few  springs,  is  almost  unknown.  The  soil  is  of  such  a 
character  that  it  readily  absorbs  the  rain  that  falls  uiwn  it,  which 
percolates  downward  and  is  reached  in  wells  from  40  to  200  feet  in 
depth.  Many  of  these  wells  are  capable  of  furnishing  a  supply  almost 
inexhaustible  to  ordinary  means  of  pumping.  The  soil  is  often  too 
dry  to  be  successfully  cultivated  without  irrigation,  which  can  lie 
practiced  only  by  means  of  water  raised  by  pumps.  Pumping,  how- 
ever, is  most  easily  accomplislied  by  means  of  windmills,  which  are 
remarkably  successful  in  this  region,  owing  to  the  almost  constant 
winds  which  sweep  across  the  plains.  Windmills  have  been  used  for 
many  years  to  furnish  water  for  stock,  and  they  have  been  tried  suc- 
cessfully on  a  small  scale  for  irrigation.  The  settlers  of  the  plains 
have  learned  to  appreciate  the  value  of  devices  of  this  character  for 
raising  water.  Reservoirs  or  tanks  are  almost  always  used  in  connec- 
tion with  the  mills.  The  sides  and  bottoms  of  these  are  made  imper- 
vious by  turning  in  a  little  water  and  puddling  the  soil  by  driving 
horses  or  cattle  about  in  it  for  a  day  or  more. 

Morrison  system. — About  the  center  of  the  Llano  Estacado  or  Staked 
Plains,  in  Hale  County,  T.  W.  Morrison  owns  a  plant  consisting  of 
two  Aermotors,  8  and  12  feet  in  diameter,  respectively,  pumping  from 
wells  50  feet  deep,  with  water  20  feet  below  the  surface.  Each  wind- 
inill  lifts  the  water  35  feet.  One  wheel  is  used  for  supplying  the  i"esi- 
dence;  the  other  pumps  into  a  reservoir  125  feet  long,  100  feet  wide, 
and  4  feet  deep,  and  irrigates  10  acres,  besides  furnishing  water  for 
the  stock.     These  wheels  have  been  in  use  since  1891. 

Wayland  and  Herbert  systems. — ^J.  II.  Wayland,  of  the  same 
county,  has  three  Aermotora  pumping  from  wells  35  to  60  feet  deep 
into  a  reservoir  300  feet  long,  75  feet  wide,  and  6  feet  deep,  irrigating 
10  acres  in  1901.  The  total  cost  of  wells,  pumps,  wheels,  and  reser- 
voir was  $505.  The  total  cost  of  the  plant,  which  must  include  land 
and  fencing,  is  given  as  $1,000.  W.  P.  Herbert  also  irrigates  5  acres, 
and  C.  E.  McClelland  states  that  there  are  at  least  50  families  in  Hale 
County  prepared  to  irrigate  by  windmills  from  5  to  20  acres  if  the 
season  renders  irrigation  necessary,  but  for  the  last  two  years  the 
seasons  have  been  so  good  that  irrigation  has  not  been  practiced. 

SYSTEMS  NORTH  OF  TEXAS  PACIFIC  RAILROAD. 

There  are  hundreds  of  windmill  plants  north  of  the  Texas  Pacific 
Railroad.  In  the  counties  of  Haskell,  Shackelford,  and  Young,  in 
fact  in  nearly  all  the  counties  east  of  the  one  hundred  and  first  merid- 
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ian,  there  are  small  garden  patches,  varying  in  size  from  one-sixth 
to  three-fourths  of  an  acre,  irrigated  by  windmills.  Fifty  replies  to 
letters  sent  out  by  the  writer  have  not  shown,  with  the  exception 
referred  to  in  these  notes,  a  windmill  plant  that  irrigated  more  than 
a  half  acre.  IVo  windmill  plants  of  Haskell  County  (those  of  AV.  H. 
Parsons  and  H.  H.  Xesbett)  are  typical  of  them  all. 

Parsons  and  Xesbett  sysfems. — ^The  plant  of  AV.  11.  Parsons  con- 
sists of  a  Dandy  windmill  4  feet  in  diameter,  pumping  from  a  well 
and  irrigating  1  acre.  The  plant  of  II.  H.  Xesbett  consists  of  an 
Aermotor  10  feet  in  diameter  and  a  -Ir-foot  well  38  feet  deep;  depth  to 
water,  31  feet.     This  wheel  irrigates  3  acres  of  black,  sandy  soil. 

ReynoliJs  Larul  and  Cntile  Comixiny. — The  Re^^lolds  I^nd  and 
Cattle  C'ompany,  near  Channing,  Hartley  County,  irrigates  40  acres 
from  a  spring.  The  principal  crop  raisinl  is  alfalfa,  but  a  small 
ow*hard  of  fruit  trees  and  a  ganlen  are  also  irrigated.  The  orchard 
consists  of  apples,  jieaches,  pears,  plums,  and  grai)es.  The  under- 
ground water  supply  in  the  neighborhocxl  of  this  ranch  has  not  proved 
sufficient  to  irrigate  more  than  small  ganlens. 

Raihjen  system, — F.  H.  Rathjen,  of  Mobeetie,  AVheeler  County, 
irrigates  60  acres  of  corn  and  alfalfa,  from  AVilliams  Creek,  which  is 
fed  by  springs.  The  creek  is  5  miles  long  and  there  is  sufficient  water 
to  feed  the  quarter-mile  ditch.     The  soil  irrigate<l  is  a  red  loam. 

Kempner  &  Lasker  system. — Messrs.  Kempner  A  I..asker  have  con- 
structs a  dam  across  Holiday  Creek,  about  5i  miles  south  and  20 
degrees  west  of  Wichitji  F'alls.  It  is  of  earth,  3,(MK)  feet  long,  35  feet 
high  in  the  creek,  25  feet  high  for  1,1(X)  feet,  and  about  9  feet  high  at 
the  north  end.  There  are  two  wings,  one  5,100  feet  long  and  the  other 
about  7^)0  feet  long,  making  a  total  length  of  8,800  feet,  or  If  miles, 
and  containing  150,000  cubic  yards  of  material.  The  watershed  is 
estimated  to  be  150  square  miles.  The  creek  is  generally  dr}',  but 
sometimes  has  a  large  flood  volume  passing  down  to  Wichita  Riv^er. 
The  reservoir  formed  has  a  capacity  of  13,000  acre-feet  and  covers 
2,050  acres.  It  is  estimated  that  it  will  irrigate  from  4,000  to  8,000 
acres.  Part  of  this  dam  was  washed  away  in  Ma}-,  1901,  but  it  is 
stated  that  it  can  easily  be  repaired. 

LIMESTONE  AND  COMANCHE  COUNTIES. 

Siubenrauch  system. — At  Mexia,  in  Limestone  County,  J.  Stuben- 
rauch  has  been  very  successful  in  the  use  of  a  small  irrigation  plant 
for  fruits  and  vegetables.  The  plant  consists  of  a  dam  across  a  ravine, 
catching  the  storm  waters  and  forming  a  tank  covering  about  an  acre 
of  ground.  From  this  the  water  is  lifted  to  a  height  of  25  feet,  by  an 
8- foot  windmill,  into  an  earthen  reservoir  50  feet  long  and  100  feet 
wide.  The  reservoir  is  now  being  enlarged,  to  have  double  its  present 
capacity.     The  total  cost  of  the  system  was  ^300,  including  7(K)  feet 
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of  piping.  Seven  acres  have  been  irrigated,  but  it  is  estimated  that 
15  acres  could  Ih^  watered.  Mr.  Stubenrauch  has  put  in  another  sys- 
tem, with  a  reservoir  covering  an  acre  of  ground,  the  dam  haviog  a 
height  of  5  f<*et  above  the  outlet  pipe.  For  filling  the  reservoir  he 
uses  a  12-foot  wheel.  He  pumps  from  a  storage  tank  made  by  dam- 
ming a  ravine.  The  dam  on  top  is  fully  10  feet  wide,  and  lx>th  the 
reservoir  and  the  storage  tank  hold  water  like  a  jug.  The  total  coest, 
including  GOO  feet  of  2i-inch  pipe  for  discharging  water  into  the 
reservoir,  was  $485. 
Mr.  Stubenrauch  says: 

For  the  gardener  or  fruit  farmer  there  is  no  investment  bringing  in  larger 
returns  than  an  irrigation  plant  similar  to  what  we  have  here.  In  the  very  driest 
season  800  hushels  of  sweet  X)otatoes  to  the  acre  are  easily  grown,  which  can  he 
disp0He<l  of  daring  August  and  September  at  one*s  own  prices.  In  1899  there 
were  grown  some  of  the  finest  caulifiowers  ever  produced.  Dozens  of  heaids 
weiglieil  over  6  pounds  each.  Have  irrigated  fruit  only  the  past  season  (1900). 
Five  wres  irrigated  as  a  truck  farm  near  a  good  market  are  worth  more  to  the 
owner  than  are  75  acres  without,  of  similar  land  for  the  same  purpose. 

Lee  system. — One  and  one-half  miles  from  the  town  of  Comanche 
W.  T.  Lee  irrigates  5  acres  from  an  8-inch  well  95  feet  deep.  The 
water  is  pumi)ed  by  a  windmill  into  a  circular  reservoir  100  feet  in 
diameter  and  6  feet  deep.  This  reservoir  was  formed  on  a  knoll,  by 
scraping  the  earth  from  the  central  space  into  the  leveed  embank- 
ments. From  the  reservoir  the  water  is  conducted  in  different  direc- 
tions by  3-inch  pipes  and  by  ditches.  The  crops  raised  are  chiefly 
garden  vegetables  and  such  fruits  as  pears,  peaches,  apricots,  grapes, 
and  blackberries. 

WACO  AND  VICINITY. 

In  the  suburbs  of  Waco,  on  both  sides  of  Brazos  River,  pump  irri- 
gation has  proved  a  paying  investment.  This  is  well  established,  not 
onl}'  by  the  data  furnished,  but  by  the  fact  that  many  are  enlarging 
their  plants  and  adding  better  machinery. 

Plants  east  of  Waco. — Two  miles  east  of  the  city  there  is  a  cluster 
of  a  half  dozen  plants,  all  doing  a  successful  business.  E.  Portlo  has 
a  surface  well  10  feet  deep  and  G  feet  in  diameter,  walled  with  brick. 
Ordinarily  the  water  stands  3  feet  in  the  well.  A  small  centrifugal 
pump,  having  ii-inch  discharge  pipe,  rests  on  the  well  covering  and 
is  operated  by  a  4r-horsepower  gas  engine  of  local  make.  The  head 
is  23  feet,  into  a  flume  8  inches  by  G  inches  and  125  feet  long,  which 
empties  into  an  earthen  tank  00  feet  by  GO  feet  on  the  inside.  The 
system  is  reenforced  by  two  Kirkwood  windmills,  which  pump  into 
elevat^Ml  wooden  tanks  of  5,000  gallons  capacity  each.  The  windmills 
are  100  and  200  feet  northeast  of  the  tank,  and  each  pumps  out  of  a 
well  of  the  same  depth  as  the  one  just  described.  With  good  winds  the 
windmills  will  supply  suflicient  water  toirrigat/C  the  3  acres.  Adjoin- 
ing the  plant  of  Pordo  is  that  of  Robert  Etheson,  in  all  respects  sim- 
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ilar  to  that  of  the  former.  The  plant  of  Charles  Myers  consists  of  a 
4-hoTsepower  Lambert  gas  engine  operating  a  plunger  pump.  The 
well  is  32  feet  deep,  and  the  lift  from  the  water  to  the  flume  is  38  feet. 
The  water  is  pumped  into  a  wooden  tank  of  6,300  gallons  capacity, 
from  which  it  is  distributed  to  the  garden  through  four  outlet  pipes 
1^  inches  in  diameter.  Instead  of  conveying  the  water  to  the  different 
sections  of  land  by  ditches,  a  system  of  1^-inch  pipes  is  used.  The 
land  is  watered  from  the  pipes  by  means  of  a  hose,  or  simply  by 
removing  the  cap  of  the  hydrant.  It  costs  65  cents  a  day  to  oi)erate 
the  engine  for  twelve  hours.  The  soil  is  black  loam,  slightly  impreg- 
nated with  sand.  The  plant  was  first  used  in  1894.  Ten  acres  are 
irrigated,  although  double  that  amount  could  be  irrigated  by  the  engine 
and  the  auxiliary  windmill.  Near  the  plant  of  Mr.  Myers,  Fred  Stalte 
irrigates  4  acres  by  the  use  of  a  small  gasoline  engine  and  a  windmill. 

Eiheson  system, — One  mile  north  of  the  foregoing  cluster  of  plants, 
near  Brazos  River,  A.  Etheson  irrigates  12  acres  by  the  use  of  a  gas 
engine  pumping  from  a  surface  well. 

Dismuke^  system, — In  East  Waco  Ed  E.  Dismukes  irrigates  16 
acres  with  a  6-hor8epower  gasoline  engine  and  a  cylinder  pump.  At 
present  the  water  is  pumped  out  of  a  6-inch  pipe  driven  into  12  feet 
of  water.  The  well  which  formerly  existed  was  filled  up  and  the 
6-inch  pipe  substituted  for  it.  The  pipe  is  screened  to  prevent  clog- 
ging by  the  sand.  The  suction  pipe  is  2  inches  in  diameter  and  the 
lift  9  feet.  The  water  is  pumped  into  a  tank  30  feet  by  120  feet  by  5 
feet  deep,  from  which  it  is  distributed. 

Faulkner  system, — About  1^  miles  north  of  Waco  is  the  fruit  farm 
and  garden  of  C.  Faulkner,  a  tract  containing  about  400  acres.  Of 
this  about  350  acres  are  planted  in  fruit  (pears,  peaches,  Burbank 
plums,  apples,  and  blackberries),  and  about  30  or  40  acres  form  a 
garden  in  which  vegetables,  strawberries,  and  market  produee  are 
grown.  The  garden  tract  and  a  portion  of  that  containing  fruit  trees 
(the  late  fruits)  are  irrigated  from  reservoirs  or  tanks  on  the  highest 
points  of  the  field,  the  water  being  supplied  by  an  artesian  well.  The 
tanks  are  five  in  number,  and  consist  of  four  levees  thrown  up  to 
form  a  rectangular  or  roughly  circular  basin  in  which  the  water  rises 
to  a  sufficient  height  to  be  conducted  by  gravity  through  pipes  and 
ditches  to  all  parts  of  the  field.  One  of  the  tanks  covers  about  4^  acres 
and  has  an  average  depth  of  water  of  8  feet.  Two  of  them  are  about 
120  feet  by  150  feet  and  average  6  feet  depth  of  water;  the  remaining 
two  are  smaller.  The  well  was  sunk  in  1898,  is  1,850  feet  deep,  has  a 
16-inch  casing  for  about  20  feet  from  the  ground  surface,  and  a  6-ineh 
delivery  pipe.  The  water  hiis  a  temperature  of  about  100°  F.,  and  is 
under  a  good  pressure.  It  leaves  a  slight  white  deposit  on  the  ground 
irrigated — so  slight  that  it  appears  more  like  white  frost  than  any- 
thing else — which,  it  is  said,  does  not  in  any  way  injure  the  vegeta- 
tion.    The  water  is  conducted  from  the  tanks  in  ditches  (piped  under 
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the  roads),  and  is  distributed  by  side  ditches  and  furrows.  The 
average  yield  of  pear  trees  is  about  10  bushels,  of  peach  trees  about 
5  bushels,  and  of  Burbank  plums  (the  only  kind  grown)  5  bushels. 
Apple  trees  have  not  yet  begun  to  bear. 

RICE  IRUIGATIOX  SYSTTKMS. 

GENERAL   FEATURES. 

The  rice  l>elt  of  Texas  (fig.  18)  extends  from  Sabine  Ck)unty,  on 
Sabine  River,  to  the  Rio  Grande,  and  at  present  includes  two  well- 
developed  zones  (the  Beaumont  and  the  Colorado  Valley),  which  raise 
75  per  cent  of  the  rice  grown  in  the  State,  and  several  detached  areas 
that  are  sure,  with  good  management,  to  be  the  forerunners  of 
extended  systems  in  their  respective  localities. 

In  the  Beaumont  section  the  land  is  a  level  prairie,  which  heretofore 
has  cut  very  little  figure  as  an  industrial  factor.  It  is  very  flat, 
some  of  it  having  a  slope  of  only  1  foot  in  5,000  feet,  and  generally 
requires  small  levees  and  low  lifts  at  the  pumps.  This  flat  sec»tion 
extends  along  the  coast  from  Sabine  River  to  the  Rio  Grande.  The 
250-foot  contour  above  sea  level  is  from  50  to  125  miles  from  the 
Gulf,  while  the  strip  20  to  30  miles  wide  along  the  shore  rises  only  a 
few  feet  above  sea  level. 

In  addition  to  this  coastal  belt  the  rice  section  has  since  1807  been 
rapidly  spreading  back  from  the  coast  until  it  has  reached  Cuero, 
Fayetteville,  and  Hempstead  on  the  west.  In  the  flat  sections  the 
water  is  often  obtained  from  bayous,  and  is  frequently  so  impreg- 
nated with  salt  sea  water  that  injury  to  the  rice  occurs.  Rice  must 
have  an  abundant  supply  of  fresh  water  and  a  soil  that  is  rich  enough 
to  nourish  the  plants  and  compact  enough  to  hold  the  water,  and  it 
is  being  successfully  grown  in  Texas  wherever  these  factors  are 
grouped,  and  where  they  do  not  exist  naturally  money  and  brains 
are  grouping  them  with  a  twentieth-century  effectiveness.  No  longer 
is  the  rice  belt  restricted  to  the  old  bayou  country,  but  along  the 
Brazos,  the  Colorado,  the  Guadalupe,  and  the  Rio  Grande  more  than 
100  miles  from  the  coast  a  high-grade  rice  is  grown. 

In  addition,  the  irrigation  of  rice  from  wells  will  certainly  prove  of 
greater  benefit  to  the  Texas  farmers  than  all  of  the  big  irrigation 
plants  combined.  The  latter  method  of  irrigation  is  in  its  infancy, 
but  it  is  certain  to  become  the  chief  factor  in  rice  production  in  the 
State.  The  plant  of  George  Vick,  2  miles  east  of  Eagle  Lake,  is  but  the 
pioneer  of  many  that  will  become  established  when  the  small  farmer 
can,  with  a  nominal  outlay,  convert  his  flat  lands  into  a  successful  rice 
farm.  A  well  12  feet  in  diameter  and  34  feet  deep  (7  feet  of  water), 
a  traction  engine  to  supply  power,  a  submerged  pump,  an  open  box 
for  a  flume,  a  canal  easily  constructed — total  cost  $2,200 — constitute 
Mr.  Vick's  equipment.     With  this  125  acres  of  excellent  rice  were 
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raised  in  llXX).     This  plant  is  now  owned  by  Hudson  &  Ayres,  and  is 
referred  to  later  in  these  pages. 

The  rice  land  is  laid  off  in  sections  or  "cut«"  so  that  the  extreme 
difference  in  elevation  will  not  exce€Hi  6  inches.  The  size  of  the  cuts 
varies  with  the  character  of  the  topography.  A  cut  is  surrounded  by 
levees  or  dikes,  to  hold  the  water,  and  it  may  be  that  a  hillock  or  hole 


Pig.  18.— Map  showing  rice  belt  of  Texas. 

will  occur  in  a  cut.  These  can  be  ignored,  however,  for  rice  produces 
until  time  and  the  flow  will  level  the  one  or  fill  the  other.  The  water 
is  pumped  to  the  land  by  steam  power,  water  power,  or  windmills,  by 
far  the  greatest  part  of  the  work  in  Texas  being  done  by  steam. 

From  the  best  information  obtainable  in  western  Louisiana  and 
eastern  Texas  it  seems  to  be  the  consensus  of  opinion  that  it  requires 
0  gallons  of  water  a  minute  for  each  acre  of  rice,  or  1  second-foot  to 
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each  50  acres.  In  the  Beaumont  section  the  rainfall  often  reduces 
the  pumping  considerably.  During  lOOO,  a  wet  year,  some  pumps  were 
operated  only  four  days.  But  a  dry  neason  will  require  the  pumps  to 
furnish  the  entire  9  gallons  a  minute  for  each  acre,  and  it  is  not  good 
engineering  to  estimate  on  less  than  that  qtiantity,  which  is  equivalent 
to  12,960  gallons  per  twenty-four  hours  per  acre.  IE  x  is  the  number 
of  acres  to  be  irrigated  and  ij  the  lift  in  feet,  the  weight  of  water  to  be 
supplied  each  second  is  1.25  j:  pounds,  and  the  work  done  each  sec- 
ond in  pumping  this  amount  is  1.25  xy  foot-pounds.     The  theoretic 

horsepower  required  would  therefore  he  . ,%.. 

Thus  for  X  =  1,000  acres  and  for  a  lift  of  y  =  22  feet  an  engine 
exerting  50  absolute  horsepowei*  would  bo  required.     The  estimated 


Via.  19.— Diagntm  showing  homepower  required  (or  mrioiia  lifts  and  •crenge*. 

or  claimed  horsepowers  of  engines  should  be  tested  or  redueetl  by  a 
substantial  fraction  if  disappointment  in  the  capacity  would  be 
avoided. 

By  the  aid  of  flg.  19  a  pefsou  can  at  a  glance  determine  the  horse- 
power required  to  irrigate  a  tract  of  land.  Given  the  lift  and  the 
number  of  acres  to  be  irrigated,  to  find  the  horsepower  of  the  engine 
first  find  the  lift  on  the  sloping  lines  (say  24  feet)  and  follow  that 
line  to  the  vertical  line  which  corresponds  with  the  number  of  acres 
to  be  irrigated  (say  1,100),  then  follow  the  intersecting  horizontal  line 
to  the  left  and  read  off  the  horsepower  required — in  this  case  48 — but 
in  order  to  insure  a  safe  mat^n  an  engine  of  60  horsepower  should  be 
procured,  and  if  the  horsepower  of  the  engine  is  base<l  on  the  claims 
of  agents  a  still  larger  margin  should  be  allowe<l. 

For  sonic  plants,  owing  to  the  contour  of  the  ground,  more  than  one 
lift  is  required,  and  more  than  one  pumping  station  is  necessary,  the 
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pumping  capacity  of  each  station  l>eing  the  same,  but  the  machinery 
in  one  station  being  heavier  than  that  in  the  others,  depending  on  the 
lift. 

By  means  of  flumes  the  water  is  led  from  the  pumps  to  the  canals, 
and  from  the  main  canals  is  turned  into  the  laterals  from  which  it  is 
distributed  over  the  land.  The  main  canals  are  usually  very  wide, 
being  in  most  cases  intended  to  act  as  reservoirs. 

The  first  experiments  with  growing  rice  in  Texas  were  in  1862,  the 
farmers  depending  on  the  rainfall  to  furnish  the  water.  But  this 
trusting  to  Providence  in  the  matter  of  rice  cultivation  did  not  pay, 
and  to  insure  success  pump  irrigation  was  resorted  to.  The  culture 
of  rice  by  irrigation  began  about  1893.  Prior  to  that  time  it  had  been 
grown  in  only  a  small  way  in  ponds  and  marshes  for  home  use.  The 
method  of  growing  rice  on  a  large  scale  by  irrigation  and  with 
improved  machinery  is  comparatively  new,  and  is  peculiar  to  the 
Southwest.  Unlike  Georgia  and  the  Carolinas,  where  rice  is  still 
grown  in  the  old  way,  the  rice  being  planted  in  rows,  the  field  fiooded, 
and  the  water  drawn  off  several  times  during  the  growing  season,  in 
Texas  rice  is  sowed  on  comparatively'^  high  land  with  drills  or  broad- 
cast, is  cut  with  self-binders,  and  is  thrashed  from  the  shock  or 
stacked,  to  suit  the  convenience  of  the  farmer.  The  same  kind  of 
machinery  is  used  in  raising,  harvesting,  and  thrashing  rice  that  is 
used  with  other  small  grain,  the  only  difference  in  the  cultivation 
being  that  rice  lands  are  flooded  after  the  rice  is  up  to  a  height  of 
from  3  to  6  inches.  The  water  kills  the  grass  and  weeds  and  causes 
the  rice  to  grow  rapidly. 

In  from  ten  to  twenty  days  (depending  on  the  grower  and  the  nature 
of  the  soil  before  harvest)  the  levees  on  the  lower  side  are  opened  and 
the  water  is  drawn  off  by  means  of  the  ditches  made  in  throwing  up 
the  levees.  For  some  plants  this  drainage  requires  more  engineering 
skill  in  the  arrangement  of  the  levees  than  in  making  them  fulfill  all 
the  requirements  for  feeding  the  land  with  water.  In  Texas  the 
practice  is  to  sow  the  rice  any  time  from  April  15  to  June  15.  It  is 
kept  flooded  from  ninety  to  one  hundred  and  ten  days,  one  hundred 
days  being  the  average.  From  IJ^  to  If  bushels  are  sown  to  the  acre. 
The  land  is  plowed  and  harrowed  and  prepared  as  for  wheat.  The 
outfit  or  equipment  varies  with  the  acreage.  After  the  rice  is  planted 
and  the  water  is  turned  on  eternal  vigilance  is  necessary  to  keep 
canals  and  ditches  in  order,  to  prevent  breaks  and  the  consequent 
waste  of  water  and  drowning  out  of  part  of  the  crop.  It  is  by  no 
means  an  easy  crop  to  manage.  From  the  first  flooding  until  harvest- 
ing the  work  is  a  muddy  history  of  patience.  Just  before  the  crop 
ripens  the  water  is  drawn  off  to  permit  the  ground  to  harden  enough 
to  bear  the  binder.  If  the  rains  set  in  at  this  critical  time  it  entails 
additional  expense  and  trouble  to  save  the  crop.  In  this  respect  the 
rice  farmers  away  from  the  coast  have  an  immense  advantage,  for 
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there  the  rainfall  aids  during  the  flooding  period  and  does  not 
jeopardize  the  crop  during  the  time  of  harvest.  While  the  cost  of 
pumping  is  more  in  the  western  imrt  of  the  rice  belt,  the  surety  of  an 
undamaged  product  will  always  overbalance  the  additional  expense. 

BEAUMONT   SECTION. 

The  irrigation  systems  in  the  Beaumont  section,  which  comprises  the 
counties  of  .Jefferson,  Orange,  Liberty,  and  Chambers,  are  shown  in 
the  maps  forming  figs.  20  and  21,  and  are  described  on  the  following 
pages. 


^*A     N     G      E 


Fig.  20. — Map  Hhowlnf?  irrigation  syfltems  in  the  eastern  half  of  the  Beanmont  section. 


1.  George  Gill. 

2.  J.  H.  Garland. 

3.  J.  C.  Ward. 

4.  Jefferson  County  Bice  Com- 

pany. 
5-  J.  H.  Hoopos. 
6.  Lovell  Brothers. 
7   Ed.  Moc^re. 
8.  Gulf    Rice    (Growing    Com- 

IMiny. 


9.  Southern  Rice  and  Trust    17.  Port  Arthur  Rice  Company. 
Comxiany.  IH.  Des  Moines  Irrigation  Com- 

10.  C.  A.  Place.  pany. 

11.  Mr.  Davis.  19.  (^ow  Bayou  Canal  and  Irri- 

12.  Schumacher  &  Fox.  gation  (Company. 

13.  Cameron  &  McClure. 

14.  Viterbo  Brothers. 

15.  Beaumont  Rice  C'omi)any. 

16.  McFadden  &    W^ioss   Com- 

IMiny. 
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JEFFERSON   (BOUNTY. 


Of  all  the  counties  of  Texas  in  which  the  people  have  tried  rice 
growing  by  means  of  irrigation,  Jefferson  County  undoubtedly  stands 
first  in  extent  of  acreage  and  in  successful  cultivation. 


Flo.  2].  -Map  HhowinK  irriiyraticm  systemn  m  the  w<wt<»rn  half  of  the  Bc^aumoiit  Koction. 
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The  rice  farms  and  plantations  are  in  two  general  districts,  one  in 
the  valleys  of  Taylors  and  Hillebrandt  bayous,  above  their  junction 
in  the  southern  part  of  the  county,  and  the  other  along  the  valleys  of 
Neches  River  and  the  Pine  Island  Bayou.  All  of  the  farms  owned 
and  operated  by  individuals  are  on  Taylors  and  Hillebrandt  bayous. 
There  are  also  in  the  county  five  rice-growing  companies,  known  as 
the  Beaumont  Rice  Company,  the  McFadden  &  Wless  CJompany,  the 
Port  Arthur  Rice  Company,  the  Jefferson  County  Rice  Company,  the 
Southern  Rice  and  Trust  Company,  and  the  Gulf  Rice  Growling 
Company. 

The  following  is  a  list  of  the  rice  irrigators  in  the  county,  arranged 
in  order  going  downstream : 

Rice  irrigators  in  Jefferson  County. 


Name. 


Stream. 


George  Olll Taylors  Bayou  (S.) 

J.G.Oarland do 

J.C.Ward I do 

Jeffereon  County  Rice  Co do 


Acres  irrigated. 


1900. 


i9ae. 


600 


J.  H.  Hoojpes. 

Bigham  Bros. 

P.S.Lovell... 

Ed.  Moore i do 

Gulf  Rice  Growing  Co i  Hillebrandt  Bayou  (SW.). 

C.A.  Place do 


Taylors  Bayou  (N.) 

do 

....do 


900 
1,800 


Hillebrandt  Bayou  (NE.). 
do 


Southern  Rice  and  Trust  Co 

Cameron  &McClure 

ViterboBros j do 

Beaumont  Rice  Co I  Pine  Island  Bayou 

McFadden  &  WiessCo i  Neches  River 

Port  Arthur  Rice  Co I do 

Wells 


Total 


i,aoo 

850 
lUO 
150 
450 
900 
560 

eoo 

12,000 

None. 

4,000 


1,500 
750 
7l» 

2,800 
000 
400 

7m 

00 

aoo 

500 

900 

680 

950 

15.000 

9,000 

8,500 

1,480 


44,380 


General  descriptions  of  the  plants  are  given  on  the  following  pages; 
also,  where  obtainable,  the  opinions  of  the  growers  in  reference  to 
time  of  sowing,  disposal  of  the  straw,  nature  of  the  land,  and  other 
convictions  drawn  from  experience. 

The  dry  season  of  1902  caused  the  impregnation  of  Taylors  and  Hil- 
lebrandt bayous  with  salt  water,  and  the  10,000  acres  of  rice  on  these 
bayous  suffered  accordingly.  It  is  claimed  that  the  ship  canal  from 
Sabine  Pass  to  Taylors  Bayou  has  increased  the  danger  from  salt 
water  in  these  bayous,  and  attention  is  here  called  to  the  necessity 
of  a  dam  across  Taylors  Bayou  at  the  mouth  to  keep  back  salt  water. 


TAYLORS  BAYOU. 

Oill  system. — George  Gill's  farm  is  the  westernmost  irrigating  from 
Taylors  Bayou.  The  soil  is  of  clay,  with  no  sand,  and  is  very  hard  to 
plow.  Mr.  Gill  uses  the  drill  and  also  sows  broadcast,  but  he  recom- 
mends the  former  method.  Ilis  yield  has  averaged  7  sacks  an  acre. 
There  are  two  complete  pumping  plants  on  the  farm.  One  consists  of 
an  Ivens  rotary  pump,  having  a  capacity  of  9,000  gallons  a  minut.e 
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against  a  lift  of  12^  feet,  and  a  Skinner  engine  and  BO-horaejiower 
boiler  made  by  the  Columbia  Boiler  Works.  The  other  plant  consists 
of  a  Menge  pump,  having  a  capacity  of  3(X),0(K)  gallons  an  hour  against 
a  lift  of  3  feet,  and  a  Taylor  compound  engine  and  a  boiler  of  the 
same  make  and  steaming  capacity  as  that  of  the  other  plant.  The 
flume  is  6  feet  wide,  2  feet  deep,  and  24  feet  long.  The  main  canal 
is  60  feet  wide  and  3  miles  long,  with  several  laterals.  The  total  cost 
of  the  equipment  was  about  15,000.  Mr.  Gill  irrigated  400  acres  in 
1899,  600  acres  in  1900,  and  900  acres  in  1901.  For  all  purposes  he 
recommends  low-speed  engines  (though  both  of  his  engines  are  high 
speed)  and  slow-speed  pumps,  as  they  seem  to  give  l)etter  satisfaction. 

Oarland  system. — J.  G.  Garland's  farm  lies  along  Taylors  Bayou, 
about  20  miles  southwest  of  Beaumont.  The  soil  is  very  sticky, 
although  it  works  well  when  dry.  Mr.  Garland  sows  either  with  a 
drill  or  broadcast,  from  March  20  to  about  June  10,  and  uses  the 
ordinary  binder  in  reaping.  While  thrashing  he  saves  sufficient 
straw  for  feeding  purposes  and  bums  the  surplus.  For  the  first  rice 
sown  irrigation  is  begun  about  May  20,  depending  on  the  season,  and 
is  continued  until  almost  time  of  harvesting.  The  yield  from  this 
land  has  been  10  barrels  to  the  acre,  the  price  of  seed  from  $3  to  15  a 
barrel. 

He  uses  one  pump,  of  the  Menge  pattern  (manufactured  by  the 
estate  of  Joseph  Menge  at  New  Orleans,  La.),  having  a  capacity  of 
15,000  gallons  a  minute  (33  second-feet)  under  a  lift  of  8  feet.  A 
75-horsepower  Skinner  engine  drives  the  pump  by  means  of  rope  trans- 
mission. The  boiler  used  for  steaming  has  a  capacity  of  90  horse- 
power, and  was  manufactured  by  the  Union  Iron  Works  and  Skinner 
Engine  Works,  of  Erie,  Pa.  There  are  two  laterals — one  a  half  mile 
long  and  the  other  three-fourths  of  a  mile  long.  The  total  cost  of  the 
plant  was  about  $2,700.  With  this  equipment  Mr,  Garland  irrigated 
600  acres  in  1899  and  750  acres  in  1902. 

Ward  system. — The  farm  of  J.  C.  Ward  is  the  next  one  on  the 
south  side  of  Taylors  Bayou.  The  soil  is  generally  sandy,  with  a 
good  clay  foundation  near  the  surface  of  the  ground.  Ilis  methods  of 
sowing,  cultivating,  and  reaping  are  as  follows:  Beginning  about 
March  1,  he  continues  to  sow  until  the  last  of  May,  using  either  the  drill 
or  sowing  broadcast.  Irrigation  is  begun  about  the  1st  of  June,  though 
this  depends  upon  the  weather.  When  matured,  the  rice  is  harvested 
with  binders,  and  then  thrashed.  All  the  straw  needed  for  feeding 
purposes  is  saved,  the  remainder  is  usually  burned.  The  average 
yield  has  been  10  barrels  (35  bushels)  an  acre,  for  which  Mr.  Ward 
has  received  13  a  barrel.  There  are  two  complete  pumping  plants  on 
the  farm.  The  pump  at  the  larger  station  is  of  the  Menge  type,  with 
a  capacity  of  720,000  gallons  an  hour  (27  second-feet).  A  100-horse- 
power  Atlas  engine  is  installed,  with  only  an  80-horsepower  Atlas 
boiler.     At  the  other  plant  there  is  a  5()0,000-gallon  Menge  pump,  an 
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engine  of  local  make,  and  only  a  30-horsepower  boiler.  The  lift  in 
each  case  is  9  feet.  The  larger  plant  cost  $5,000,  the  smaller  only 
$1,500.  The  flume  is  60  feet  long,  12  feet  wide,  and  4  feet  deep;  the 
box  part  is  constructed  of  2-inch  planking.  The  main  canal  is  from 
GO  to  40  feet  wide  and  2  miles  long,  and  has  several  large  laterals 
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FiQ.  22.— Map  of  JeflferHon  County  Rice  Company's  farm,  Hhowinf?  irrigation  canals. 

branching  off.     Mr.  AVard  irrigated  about  400  acres  in  1899  and  900 
acres  in  1900,  but  the  plant  is  now  leased  to  Bigham  Brothers. 

Jefferson  County  Rice  Company  system. — The  farm  of  the  Jeffer- 
son County  Kice  Company  is  17  miles  from  Beaumont,  and  is  the  last 
one  on  the  south  side  of  Taylors  Bayou,  all  the  land  below  being 
marshy  and  subject  to  overflow  from  salt  water.  Two  pumps,  one 
22-inch  Marri  and  one  15-inch  Iv(»ns,  of  capacities  of  20,000  and  7,5CK) 
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gallons  a  minute,  respectively,  raise  the  water  from  the  bayou  against 
a  lift  of  15.1  feet.  The  engines  are  of  the  Erie  make,  of  capacities  of 
150  and  50  horsepower,  respectively.  The  boiler  is  of  the  same  make, 
and  has  a  steaming  capacity  of  200  horsepower.  The  flume  is  12  feet 
wide,  3  feet  deep,  and  180  feet  long,  and  discharges  into  a  canal  100 
feet  wide.  The  soil  is  a  deep,  black,  sandy  loam  and  has  a  clay  sub- 
soil. In  1899  it  yielded  8  sacks  to  the  acre.  This  farm  has  been  irri- 
gated six  years.  Fourteen  hundred  acres  were  planted  in  1899,  but 
the  number  was  reduced  to  about  800  acres  in  1900.  In  1901  about 
3,000  acres  were  irrigated.  PL  VII,  J.,  is  a  view  of  the  pumping  sta- 
tion. The  smaller  pump  was  installed  in  1896,  the  larger  (a  150- 
horsepower)  in  1898.  The  company  owns  10,424  acres  of  land,  which 
they  have  divided  into  quarter  sections  and  thrown  open  to  actual 
settlers.  So  far  3,800  acres  have  been  sold  to  settlers,  on  the  crop- 
payment  plan,  at  from  $20  to  $25  an  acre,  one-half  of  the  crop  being 
given  to  the  company  until  the  land  is  paid  for.  The  highest  point 
on  the  farm  is  at  the  pumping  station,  and  this  enables  the  company 
to  flood  the  whole  tract  without  additional  lifts  by  pumping.  To 
insure  a  full  supply,  a  reservoir  covering  500  acres  has  been  con- 
structed, with  an  average  depth  of  4  feet  and  a  capacity  of  2,000  acre- 
feet,  or  1,300,000  gallons.  A  map  of  this  farm  showing  the  irrigation 
canals  is  shown  in  fig.  22. 

Hoopes  system. — J.  H.  Hoopes's  farm  is  in  the  lowlands  made  by 
Taylors  and  Hillebrandt  bayous.  Some  of  the  soil  is  black  and  waxy, 
some  is  black  loam,  and  some  is  sandy,  but  all  has  a"  clay  subsoil. 
The  yield  has  been  from  8  to  l2  sacks  to  the  acre.  A  Menge  pump, 
manufactured  in  New  Orleans,  with  a  capacity  of  16,600  gallons  a 
minute,  furnishes  the  water.  The  pump  works  against  an  average 
lift  of  10  feet,  varying  with  the  stage  of  the  water.  An  Erie  engine 
of  60  horsepower  is  used,  and  an  Erie  boiler  of  the  same  steaming 
capacity.  The  flume  is  32  feet  long,  9  feet  wide,  and  1  foot  deep, 
constructed  of  1-inch  boards  and  lined  with  galvanized  iron,  which  is 
an  exception  to  the  ordinary  flume  in  this  district.     The  main  canal 

m 

is  100  feet  wide  and  1  mile  in  length.  Six  hundred  acres  were  planted 
in  1899,  400  acres  in  1900,  and  600  acres  in  1902.  The  total  cost  of 
the  plant  was  about  $4,000. 

Moore  system. — Mr.  Ed.  Moore's  farm  is  near  the  Hoopes  farm. 
The  soil  is  a  mixture  of  clay  and  loam.  The  yield  last  year  wiis  below 
the  average,  being  only  from  6  to  8  sacks  to  the  acre.  He  uses  an  Ivens 
centrifugal  pump  having  a  capacity  of  200,000  gallons  an  hour  against 
a  lift  of  17  feet.  One  60-horsepower  engine,  of  the  Cleveland  make, 
operates  it,' steam  being  supplied  by  a  75-horsepower  boiler.  The 
flume  is  200  feet  long,  3  feet  wide,  and  1  foot  deep.  The  canal  is 
from  15  to  30  feet  wide  and  2  miles  in  length.  One  hundred  and  fifty 
acres  were  irrigated  in  1899,  100  acres  in  1900,  and  60  acres  in  1902. 

BigTiam  system. — The  plant  of  Bigham  Brothers  is  on  the  north 
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side  of  Taylors  Bayou,  near  Labelle.  It  consists  of  two  pumps  hav- 
ing discharge  penstock  2  by  3  feet.  The  lift  of  one  pump  is  8  feet,  of 
the  other  pump  12  feet.  The  power  is  supplied  by  two  engines  of  40 
and  80  horsei)Ower,  respectively.  The  water  is  raised  into  flumes  30 
and  100  feet  long,  and  these  discharge  into  the  main  canals,  which 
arq  a  half  mile  and  3  miles  long,  respectively.  There  were  400  acres 
in  rice  in  1899,  1,200  acres  in  1900,  and  1,200  acres  in  1901,  notwith- 
standing the  unusual  severity  of  the  latter  season.  The  yield  in  1900 
was  8,000  sacks,  commanding  $3  a  sack.  The  soil  is  a  black  loam, 
and  is  well  suited  to  rice  culture.  This  firm  operates  the  J.  C.  Ward 
farm. 

Lovdl  system. — ^The  plant  of  the  Lovell  Brothers  ( Willard  G.  Lovell, 
man&ger)  is  on  the  north  banks  of  Taylors  Bayou.  It  consists  of  an 
Ivens  pump  having  a  21-inch  suction  pipe  and  an  18-inch  discharge 
pipe,  and  estimated  to  have  a  capacity  of  18,000  gallons  a  minute  (40 
second-feet)  under  a  maximum  lift  of  18  feet.  The  plant  is  run  by  a 
Houston,  Stanwood  &  Gamble  engine  of  100  horsepower.  With  an 
engine  efficiency  of  75  per  cent  this  can  pump  only  275  gallons  a  sec- 
ond, or  16,500  gallons  a  minute.  The  flume  is  146  feet  long,  10  feet 
wide,  and  3  feet  deep.  The  length  of  the  main  canal  is  3^  miles,  the 
width  50  feet.  One  mile  of  the  laterals  is  20  feet  wide,  1^  miles  are 
15  feet  wide,  and  a  half  mile  of  them  is  10  feet  wide.  In  1899,  1,100 
acres  of  rice  were  sown;  in  1900, 850  acres;  in  1901,  850  acres;  and  in 
1902,  760  acres. 

HnX£BRANDT  BATOU. 

Southern  Rice  Company  system,, — The  plant  of  the  Southern  Rice 
Company  is  the  northernmost  diverting  water  from  Ilillebrandt 
Bayou.  It  is  about  12  miles  south  of  Beaumont.  The  plant  is 
equipi>ed  with  Ivens  pumps  having  22-inch  suction  pipes  and  21-inch 
discharge  pipes,  operated  by  a  lOO-horsepower  Chandler  A  Taylor 
engine,  estimated  to  have  a  capacity  of  15,000  gallons  a  minute  (33 
second-feet)  under  a  lift  of  13  feet.  With  an  engine  efficiency  of  70 
per  cent,  71  horsepower  will  do  this  work.  The  water  is  delivered  by 
the  pumps  into  a  flume  150  feet  long,  8^  feet  wide,  and  4  feet  deep. 
The  main  canal  is  1^  miles  long  and  75  feet  wide,  and  delivers  into 
laterals  12  feet  wide.  The  soil  is  black,  with  a  clay  subsoil.  Water 
was  rented  in  1899,  when  200  acres  of  rice  were  sown,  yielding  2,000 
sacks,  which  sold  for  $2.70  a  barrel.  The  amount  sowed  in  1900  was 
900  acres,  yielding  7,000  sacks,  which  sold  for  $3  a  barrel.  In  1902 
about  900  acres  were  sown. 

Ghdf  Rice  Orowing  Company  system. — The  farm  of  the  Gulf  Rice 
Growing  Company  is  10  miles  southwest  of  Beaumont  on  Hillebrandt 
Hayou.  The  lift  is  about  12  feet,  and  the  water  is  pumped  by  a  90- 
horsepower  engine.  The  soil  is  a  clay  loam,  300  acres  of  which,  in 
rice,  were  irrigated  in  1902. 

Place  system. — The  plant  of  C.  A.  Place   has  one  Morris  pump 
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having  15-ineh  suction  and  12-inch  discharge,  operated  by  a  25- 
horsepower  Westinghouse  "Junior"  engine,  having  a  maximum 
capacity  of  10,000  gallons  a  minute  (222  second-feet)  against  a  lift 
of  12^  feet.  The  water  is  delivered  into  a  flume  28  feet  long,  4  feet 
wide,  and  2  feet  deep,  which  in  turn  delivers  it  into  the  canal,  which 
is  1  mile  long  and  60  feet  wide.  The  soil  is  clay  and  black  loam,  with 
a  subsoil.  Two  hundred  and  fifty  acres,  in  rice,  were  irrigated  in 
1899, 450  acres  in  1900,  and  between  450  and  500  acres  in  1901.  The 
yield  in  1900  was  3,400  sacks,  commanding  $3  a  sack.  The  plant  cost 
12,500.  Previous  to  1899  other  parties  owning  this  farm  had  irrigated 
125  acres. 

Cameron  &  McClure  system. — ^The  rice  plantation  belonging  to 
Messrs.  Cameron  <fe  McClure  m  on  both  sides  of  Hillebrandt  Bayou. 
The  soil  is  light,  but  it  has  a  fine  clay  subsoil  which  retains  the  water 
well.  The  rice  is  sown  from  March  25  to  May  1,  and  if  the  season  is 
not  rainy  irrigation  is  begun  when  the  rice  is  about  6  inches  high. 
The  yield  has  been  from  7  to  10  sacks  to  the  acre,  and  the  price 
received  ranges  from  $1.25  to  $3.40.  The  lower  prices  were  received 
for  rice  of  poOr  quality,  much  of  it  being  damaged  by  what  is  termed 
"red  rice."  The  reaping  is  done  with  the  ordinary  harvester  and 
binder.  The  owners  of  the  plantation  have  found  that  the  straw 
makes  very  good  hay. 

Owing  to  the  farm  being  on  both  sides  of  the  bayou,  there  are  two 
complete  pumping  plants.  At  one  of  the  plants  there  is  in  use  a  6-foot 
Menge  pump,  having  a  capacity  of  12,000  gallons  a  minute  (27  second- 
feet)  against  a  head  of  10^  feet.  The  engine  is  of  the  Skinner  type, 
of  a  capacity  of  75  horeepower,  and  receives  steam  from  a  100-horse- 
power  boiler.  The  other  plant  has  a  12-inch  pump  of  the  Van  Wie 
make,  which  has  a  capacity  of  7,500  gallons  a  minute  (17  second-feet) 
against  a  head  of  10^^  feet.  This  pump  is  run  by  a  40-horsepower 
Skinner  engine  which  is  supplied  with  steam  by  a  50-horsepower  Van 
Wie  boiler. 

The  flumes  are  40  and  60  feet  in  length,  12  and  8  feet  wide,  and  12 
inches  deep.  They  are  constructed  of  4-inch  by  4-inch  timber  in  the 
bents,  while  the  sides  and  bottoms  are  made  of  12-inch  planking. 

Four  hundred  and  fifty  acres  were  irrigated  during  the  year  1899, 
550  acres  in  1900,  and  680  acres  in  1902. 

VUerbo  Brothers  system,, — This  system  is  12  or  14  miles  southwest 
of  Beaumont.  One  Menge  pump,  costing  $500  and  having  a  capacity 
of  25,000  gallons  a  minute  against  a  lift  of  7  feet,  is  used.  Two  boil- 
ers, each  of  50  horsepower,  furnish  the  steam  to  a  75-horsepower 
engine.  The  canal  is  40  feet  wide  and  2^  miles  in  length.  A  reser- 
voir, covering  an  area  of  225  acres  and  having  a  depth  of  6  feet,  holds 
the  storage  water.  There  are  1,000  acres  leveed  in,  but  not  all  of  this 
is  planted  in  rice.  The  yield  on  this  land  has  been  from  7  to  18  sacks 
to  the  acre.  Six  hundred  acres  were  sown  in  1899,  600  acres  in  1900, 
700  acres  in  1901,  and  950  acres  in  1902. 
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PINE  ISLAND  BAYOU. 


Beaumont  Irrigation  Coinpany  system. — This  company  has  l>eeii 
operating  tlie  largest  rice  plantation  in  Texas.  It  is  in  the  northern 
part  of  Jefferson  County,  lying  along  the  south  side  of  the  Pine  Island 
Bayou.     There  are  two  lifts.     The  first  one  is  at  the  crossing  of  the 
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Fio.  23.— Elevation  and  flection  of  flume  of  Beanmont  Irrigation  Comiiany. 

Southern  Pacific  Railroad,  and  raises  the  water  from  Pine  Island 
Bayou.  Until  1800  there  were  at  this  lift  two  Conneraville  compound 
blower  pumps,  each  having  a  capacity  of  25,000  gallons  a  minute.  To 
each  of  these  pumps  was  attached  one  Hamilton-Corliss  engine  of  250 
horsepower,  steam  being  supplied  by  300-horsepower  boilers.     In  1900 
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another  pump  of  the  same  capacity  was  installe<l,  with  a  correspond- 
ing engine  and  boiler.  The  pumps  work  against  a  lift  of  31  feet,  and 
have  always  given  satisfaction.  They  are  15  feet  above  the  water  in 
the  bayou,  and  force  the  w^ater  16  feet  into  the  flume.  Wood  is  used 
altogether  for  fuel.  The  flume,  shown  in  elevation  and  section  in  fig. 
1*3,  is  4  feet  deep,  21  feet  wide,  1,500  feet  long,  and  has  a  total  fall  of 
only  4  inches.  The  box  part  is  constructed  of  1-inch  by  12-inch  planks, 
the  floor  and  sides  being  double  planke<l,  and  all  joints  broken  and 
tarred.  The  floor  rests  on  6-inch  by  6-inch  sills,  which  are  supporte<l 
by  four  6-inch  by  6-inch  uprights.  The  distance  between  the  bents  is 
4  feet.     The  canal  is  150  feet  wide. 

For  3  or  4  miles  from  this  lift  the  land  is  covered  with  pine  growth 
and  is  somewhat  broken.  The  portion  covered  with  timber  would  be 
exix»nsive  to  prepare  for  cultivation,  and  that  broken  could  not  be 
irrigated.  So  the  water  has  to  be  carried  to  almost  the  second  lift 
before  the  farms  are  reached.  The  whole  plantation  is  on  the  prairie, 
the  land  gradually  rising  from  the  first  lift.  It  is  about  5  miles  from 
the  first  lift  to  the  second  lift,  where  the  water  is  raised  11  feet.  The 
pumps  here,  both  the  two  old  ones  and  the  new  one,  have  the  same 
capacity  and  are  of  the  same  make  as  those  at  the  first  plant,  but 
owing  to  the  low  lift  they  are  of  lighter  construction.  The  engines 
also  are  of  the  same  make,  and  are  of  150  horsepower  each.  The 
same  may  be  said  of  the  boilers,  the  steaming  capacity  of  which  is  200 
horsex)ower.  The  flume  is  similar  to  the  one  at  the  first  plant,  but  it 
is  only  about  200  feet  long. 

It  is  estimated  that  about  $135,000  has  been  expended  on  this  plan- 
tation. The  company  irrigated  about  5,000  acres  in  1899,  a  large  part 
of  which  was  rented  to  individuals.  In  1900  12,000  acres  were  irri- 
gated, 4,000  of  which  were  cultivated  by  the  company,  the  remainder 
being  rented  to  37  individuals.  The  custom  of  renting  is  to  charge 
2  sacks  (162  pounds)  an  acre  for  water  alone  and  2  additional  sacks 
where  the  company  rents  the  land,  making  a  total  of  4  sacks  an  acre 
where  both  land  and  water  are  rented.  The  average  yield  on  this 
plantation  is  about  10  sacks  to  the  acre,  though  some  of  the  tra(?ts  may 
run  up  HS  high  as 20  sacks.  The  canals  and  laterals  follow  the  general 
contour  of  the  ground.  Machinery  has  been  added  from  time  to 
time,  till  now  (1902)  the  river  plant  has  three  350-horsepower  and 
two  250-horsepower  engines  and  two  36-inch  and  two  48-inch  Con- 
nersville  and  one  60-inch  Roots  pumps,  while  at  the  second  lift  there 
are  two  200-hor8epower  and  two  1 25-horse power  engines  and  two 
36-inch  Connersville  and  two  36-inch  Morris  pumps.  In  1902  there 
were  irrigated  14,615  acres. 

NECHES  RIVKR. 

Port  Arthur  Irrigation  Coiiipauy  system, — This  plantation  is  on 
Neches  River,  about  12  miles  southeast  of  Heauniont  and  about  the 
same  distance  northwest  of  Port  Arthur.  The  pumping  plant  is  on 
the  banks  of  the  river,  from  which  the  water  is  pumped,  the  lift  being 
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21  feet.  The  plant  has  been  in  operation  three  years.  Until  the 
season  of  1900  there  was  in  use  only  one  18-inch  Ivens  pump,  having 
a  capacity  of  18,000  gallons  a  minute.  In  1900,  however,  two  24-inch 
Ivens  pumps,  each  having  a  capacity  of  24,000  gallons  a  minute,  were 
installed.  The  other  operating  machinery,  including  that  installed 
with  the  new  pumps,  consists  of  two  125-horsepower  boilers,  four  100- 
horsepower  boilers,  one  Chandler  &  Taylor  engine,  and  one  new  Cor- 
liss engine  of  350  horsepower. 

The  flume  was  formerly  about  100  feet  long,  20  feet  wide,  and  4  feet 
deep,  but  in  1900  this  was  increased  in  width  to  about  60  feet.  The 
main  canal  is  100  feet  wide  and  has  very  high  levees,  but  it  is  doubt- 
ful whether  this  is  the  most  economical  form  of  construction.  One 
thousand  seven  hundred  acres  were  irrigated  in  1899,  4,000  acres  in 
1900,  and  7,000  acres  in  1901.  A  charge  of  2  sacks  is  made  for  water 
and  2  sacks  for  land  rented.  PL  VII,  J5,  is  a  view  of  a  rice  thresher 
at  work  on  this  farm.  The  yield  in  1899  was  about  14  sacks  an  acre. 
The  rice  grows  very  rank,  varying  in  height  from  5  to  7  feet.  Some  of 
the  straw  was  baled  and  found  to  make  very  good  hay;  the  remainder 
was  burned.  All  of  the  land  on  which  this  rice  is  grown  is  black  and 
sticky.  (See  map,  fig.  20,  for  plot  of  the  main  canal  and  laterals.) 
This  company  irrigated  8,500  acres  in  1902. 

McFadden  &  Wiess  system. — This  plant  is  on  the  western  bank  of 
Neches  River,  or  rather  on  the  edge  of  the  marsh  that  lies  between 
the  river  and  the  rice  lands,  about  7  miles  southeast  of  Beaumont. 
The  water  is  conveyed  from  the  river  to  the  plant  by  a  canal  dredged 
out  of  the  marsh.  Its  length  is  2,000  feet,  width  40  feet,  and  depth 
6  feet.  The  plant  was  located  on  the  edge  of  the  marsh,  a  founda- 
tion being  obtained  by  driving  piles  3  feet  apart  under  the  power  and 
pump  house.  On  top  of  the  piles  several  courses  of  grillage  work  were 
laid,  and  this  was  capped  by  a  cement  foundation  for  the  machinery. 

There  are  two  Connersville  rotary  cycloidal  pumps,  with  suction 
pipes  2^  by  6  feet  and  discharge  pipes  4  feet  in  diameter.  The  pumps 
are  run  by  two  Hamilton-Corliss  compound  condensing  engines  of  250 
horsepower  each.  The  capacity  of  the  plant  is  estimated  at  70,000 
gallons  a  minute  (156  second-feet)  under  the  lift  of  22  feet,  which 
would  require  an  efficiency  of  78  per  cent  in  the  machinery.  The 
main  canal  is  6  miles  long,  100  feet  wide^  and  2^  feet  deep.  The  plant 
cost  $65,000,  the  machinery  costing  $40,000.  Four  thousand  acres  of 
rice  were  irrigated  in  1901,  and  9,000  acres  in  1902. 

WELLS. 

In  addition  to  the  canal  plants  in  Jefferson  County  there  are  a 
number  of  plants  that  derive  their  water  from  wells.  These  are 
located  near  Ilamshire  and  China.  The  well  of  George  J.  McManus, 
near  Ilamshire,  will  serve  as  a  type  of  those  in  this  section.  There 
are  two  wells  40  feet  apart,  connected  in  the  pit  22  feet  deep.     One  is 
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81  feet  deep;  the  other  180  feet.  The  wat4»r- bearing  sand  was  found 
to  be  72  feet  thick,  and  the  screw  was  put  in  in  three  lengths  of  20 
feet  each.  It  consisted  of  an  8-inch  pipe  with  three-fourths  inch 
holes  bored  with  IJ-inch  clear  space  l)etween  them.  The  pii^e  was 
then  wrapped  with  No.  IG  wire,  one-fifth  of  an  inch  apart,  and  on  this 
was  wrapped  the  copper  gauze  of  mesh  60,  30,  and  40  to  an  inch. 
The  6-inch  Van  Wie  pump  is  operated  by  a  22-horsepower  Gear- 
Seott  steam  engine,  using  Beaumont  oil  for  fuel.  From  this  plant 
120  acres  of  rice  were  irrigated  in  1902.  In  the  same  neighborhood 
H.  C.  Wheeler  has  a  well  plant  that  derives  its  water  from  flowing 
wells.  At  one  of  these  wells  it  was  207  feet  to  the  water-bearing  sand 
that  furnishes  the  supply.  This  is  43  feet  in  thickness,  making  the 
total  depth  of  this  well  250  feet.  Near  Ilamshire  the  acreage  from 
wells  was:  McManus,  120;  Wheeler,  300;  Ileisig,  185;  total,  605  acres. 
The  acreage  around  China  from  well  plants  was,  Hal  Aid  ridge,  125; 
J.  W.  Kirby,  200;  Burrows,  200;  Southwestern  Company,  200;  Spivy, 
150;  total,  875. 

ORANGE   COUNTY. 
COW  BAYOU. 

Caw  Bayou  Canal  and  Irrigation  Company  system, — Rice  irriga- 
tion has  been  conducted  in  Orange  County  for  about  ten  years.  In 
1891  F.  H.  Catron  installed  a  50-horsepower  engine  to  operate  a  Menge 
pump  under  a  head  of  8  feet,  the  plant  being  located  on  Cow  Bayou, 
about  6  miles  southwest  of  the  town  of  Orange.  The  ditch  was  1  mile 
long  and  20  feet  wide.  The  plant  cost  16,500,  the  canals  and  laterals 
costing  $5,000  and  the  engine  and  pumps  $1 ,500.  The  capacity  of  this 
plant  was  5,000  gallons  a  minute,  or  11.11  second-feet.  With  an  effi- 
ciency of  75  per  cent  for  the  engine  the  pumping  of  this  amount  of 
water  requires  only  14  horsepower.  Six  hundred  acres  of  rice  were 
irrigated  in  1896.  This  system  has  passed  into  the  control  of  the  Cow 
Bayou  Canal  and  Irrigation  Company,  which  has  remodeled  the  whole 
plant,  removing  the  pump  to  a  more  advantageous  location  and  install- 
ing one  250-horsepower  Viker-Corliss  engine  having  an  18-inch  by 
36-inch  cylinder  and  operating  two  18-inch  Ivens  double-suction  latest 
improved  pumps  having  a  capacity  of  30,000  gallons  a  minute  (66.67 
second-feet)  against  a  lift  of  14  feet.  There  are  5^  miles  of  main 
canal.  (See  fig.  20.)  For  the  first  1.5  miles  the  width  is  80  feet,  for 
the  next  1.5  miles  it  is  50  feet,  and  for  the  remainder  of  the  distance 
it  is  60  feet.  The  water  is  first  pumped  into  a  flume  20  feet  wide,  4 
feet  deep,  and  300  feet  long.  The  cost  of  the  plant,  including  engines, 
pumps,  canals,  laterals,  flumes,  etc.,  was  *25,000.  Three  thousand 
acres  were  planted  in  rice  in  1001. 

Des  Moines  Rice  Company  system. — About  7  miles  west  of  Orange 
and  4  miles  from  Terry  is  the  plant  of  the  I)es  Moines  Rice  Company, 
which  consists  of  an  Ivens  pump  having  21 -inch  discharge  pipe,  oper- 
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ated  by  a  125-horsepower  Atlas  engine,  having  a  claimed  capacity  of 
20,000  gallons  a  minute  (44  second-feet)  against  the  lift  of  17  feet. 
This  duty  will  require  an  efficiency  of  68  per  cent  in  the  engine.  Pine 
wood  is  used  as  fuel,  and  it  takes  about  5  cords  each  twelve  hours. 
The  flume  is  200  feet  long  and  10  feet  wide.  The  main  canal  is  3^ 
miles  long  and  100  feet  wide,  and  there  are  4  miles  of  branches 
varying  in  width  from  20  to  50  feet.  X^e  fig.  20.)  The  plant  was 
installed  in  1899,  and  960  acres  of  rice  were  sowed  that  year,  com- 
manding a  price  of  $3.25  a  barrel  of  162  pounds.  In  1900,  1,400  aci*es 
were  planted,  and  in  1901  about  1,600  acres.     The  soil  is  a  black  loam. 

ADAMS  BATOn. 

Orange  County  Rice  Company  system. — The  plant  of  this  company 
is  on  Adams  Bayou,  4  miles  from  Orange.  It  consists  of  a  24-inch 
Ivens  direct-connected  pump  and  a  100-horsepower  engine.  Under  a 
lift  of  8  feet  the  plant  has  a  capacity  of  20,000  gallons  a  minute.  In 
1901  about  2,500  acres  were  irrigated,  and  3,500  acres  in  1902.  The 
first  lift  is  16  feet,  and  the  two  pumping  plants,  2  miles  apart,  when 
visited  in  August,  1902,  had  all  the  rice  well  watered,  and  the  whole 
crop  was  healthy  in  appearance. 

Clark  system, — The  Clark  Canal  Company  (A.  T.  Chenault,  mana- 
ger) is  north  of  Orange  and  takes  its  water  from  the  east  side  of  Adams 
Bayou,  under  a  lift  of  16  feet.  The  machinery  consists  of  a  50-horse- 
power  Morris  steam  pump,  and  500  acres  were  planted  in  1902. 

GHles  system, — The  plant  of  Giles  Brothers  takes  its  water  from 
Adams  Bayou,  on  the  west  side,  under  a  lift  of  18^  feet.  One  50- 
horsepower  Ames  engine  operates  the  Menge  pump,  with  a  4  by  4 
penstock.     In  1902  550  acres  were  planted. 

Acreage  in  Orange  County, — The  acreage  in  Orange  County  is  as 
follows:  Cow  Bayou  Company,  4,500;  Orange  County  Company, 
3,500;  Des  Moines  Company,  1,200;  Samuel  Wilson  Company,  600; 
Clark  Canal  Company,  500;  Giles  Brothers,  550;  total,  10,850  acres. 

CHAMBERS  COUNTY. 
TURTLE  BAYOU. 

The  Trinity  River  Rico  and  Irrigation  Company  take  their  water 
from  Turtle  Bayou  and  Trinity  River,  22  miles  south  of  Liberty.  (See 
fig.  21.)  The  plant  consists  of  four  large  pumps,  having  24-inch  suc- 
tion and  discharge  pipes,  and  a  capacity  of  20,000  gallons  a  minute 
each,  or  a  total  of  80,000  gallons  a  minute  (173  second-feet),  against  a 
lift  of  32  feet.  There  are  four  250-horsepower  engines,  exerting  a  total 
of  1,000  horsepower  (estimated).  However,  with  an  efficiency  of  70 
per  cent  it  requires  only  781  horsepower  to  pump  the  estimat-ed  quan- 
tity. Three  of  the  pumps  should  be  able  to  do  all  of  the  work.  There 
are  three  flumes  of  a  total  length  of  2,400  feet,  a  width  of  15  feet,  and 
a  depth  of  40  inches  and  16  miles  of  main  canals  100  feet  wide  and  10 
miles  of  laterals  40  feet  wide.     The  plant  cost  113,000,  and  in  a  dry 
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season  can  irrigate  d,6(X)  acres  of  rice  with  the  usual  evaporation. 
In  liKK),  6,000  acres  of  "'Providence"  rice  were  cultivated,  producing 
29,<XX)  sacks,  which  brought  13  a  barrel.  A  sack  averages  about  180 
pounds,  while  a  barrel  is  always  162  pounds.  The  company  sowed 
9,000  acres  in  1902.  Generally  they  sow  during  May  and  June,  using 
about  60  pounds  to  the  acre.  Renters  are  charged  one-fifth  of  the  crop 
for  water,  one- fifth  for  land,  and  one-tenth  for  seed — i.  e.,  the  com- 
pany furnishes  land,  seed,  and  water,  and  receives  half  of  the  crop. 

LIBERTY  COUNTY. 
TRINITY  RIVER. 

The  Ray  wood  Rice  Canal  and  Milling  Company  has  one  of  the  largest 
plants  in  Texas.  It  is  on  the  east  side  of  Trinity  River  in  Liberty 
County  (see  fig.  21),  and  cost  $200,000.  It  was  not  installed  until  the 
latter  part  of  1900,  but  owing  to  excessive  rains  the  company  raised 
a  good  average  crop  of ' '  Providence  "  rice  that  year.  There  are  10  miles 
of  main  canal  from  100  to  150  feet  wide,  and  25  miles  of  main  laterals 
from  60  to  80  feet  wide.  There  are  three  lifts  aggregating  70  feet, 
with  a  pumping  station  at  each  lift.  The  pumps  are  of  the  Root 
rotary  pattern.  Those  at  the  river  station  have  an  estimated  capacity 
of  45,000  gallons  a  minute  (100  second-feet)  under  16  feet  lift.  The 
suction  pipes  are  3  by  8  feet.  Four  of  the  pumps  have  circular  dis- 
charge pipes  5  feet  in  diameter;  the  other  two  have  rectangular 
discharges  3  by  8  feet.  The  pumps  at  the  river  station  are  operated 
by  two  475-horsei)Ower  Lane  &  Bodley  engines.  The  second  station  is 
equipped  with  two  375-hor8epower  engines  operating  two  Root  rotary 
pumps  under  a  lift  of  24  feet.  The  third  station  has  two  250-horse- 
power  engines  operating  two  pumps  having  5-foot  circular  discharge 
and  suction  pipes.     The  head  at  the  latter  station  is  30  feet. 

The  soil  is  a  black  loam.  Six  thousand  acres  were  cultivated  in 
1900,  producing  50,000  sacks,  which  sold  for  $3.25  a  sack.  In  1902 
the  company  planted  15,000  acres.  The  rice  is  sowed  by  a  drill  or 
broadcasted  in  April,  May,  and  June,  1^  bushels  to  the  acre.  The 
land  is  let  out  to  renters  on  the  one-half  plan — i.  e.,  one-fifth  of  the 
crop  for  land,  one-fifth  for  water,  and  one-tenth  for  seed.  In  1901  oil 
was  used  for  fuel,  the  cost  being  about  one-third  that  of  coal. 

WELLS. 

Near  Stilson,  32  miles  east  of  Houston,  on  the  Southern  Pacific  Rail- 
road, Brown  &  Son  have  a  rice  plant,  the  water  for  which  is  obtained 
from  an  artesian  well  405  feet  deep.  The  pit  is  17  feet  deep.  The 
first  280  feet  are  of  S^-inch  casing,  the  remainder  of  5|-inch  casing. 
A  22-horsepower  Port  Huron  traction  engine  supplies  the  power 
required  to  operate  the  G-inch  Morris  pump,  which  raises  the  water  12 
feet  into  a  flume.  The  land  is  composed  of  a  black  prairie  soil.  One 
hundred  and  sixteen  acres  were  irrigated  in  1901,  producing  870  sacks 
of  rice.     In  1902  200  acres  were  planted. 

N.  B.  Sapp  has  an  8-inch  artesian  well  380  feet  deep.     In  boring 
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this  well  a  (cypress  log  was  struck  at  a  depth  of  3G0  feet.  The  ojjer- 
ating  machinery  consists  of  one  IS-horsepower  Foos  gasoline  engine 
and  two  10-inch  Morris  submerged  pumps  working  under  a  lift  of  8 
feet.     AVater  was  not  procured  in  time  for  the  1901  croi>. 

The  well  at  the  plant  of  the  Hill-Brown  Rice  Land  and  Irrigation 
Company  (C.  A.  Brown,  manager)  is  an  8-inch,  485  feet  deep,  the 
water  rising  to  within  10  feet  of  the  surface.  The  machinery  consists 
of  a  Morris  direct-connected  engine  8  by  8  inches  and  two  8-inch  Mor- 
ris pumps,  the  steam  being  supplied  by  two  30-horsepower  Erie  City 
boilers.  The  season  of  1901  was  so  dry  that  no  rice  was  planted. 
Additions  have  been  made  to  the  plant  of  this  company,  and  in  19U2 
the  crop  was  expanded  to  1,000  acres. 

HARRIS   COUNTY. 

Harris  County  systems. — Nearly  90  wells  in  Harris  County  are  fur- 
nishing water  for  rice  irrigation,  over  half  of  these  being  located  in 
the  vicinity  of  Clodine.  The  following  is  a  list  of  the  plants  in  this 
county:  Sheldon  canal,  2,000  acres;  Harris  Rice  Company,  600  acres; 
F.  B.  West,  150  acres;  J.  E.  Ross,  80  acres;  A.  W.  Wilkerson,  250 
acres;  W.  H.  Myers,  75  acres;  Conrad  Bering,  125  acres;  C.  L.  & 
C.  H.  Bering,  200  acres;  Baldwin  H.  Rice,  280  acres;  Mea<iow  Brook 
Company,  3,000  acres;  S.  P.  Dickey,  640  acres;  F.  E.  Markeley,  60 
acres;  J.  H.  O'Donnell,  650  acres;  J.  E.  Cabaniss,  75  acres;  A.  Stoek- 
dick,  40  acres;  E.  Couthwaite,  65  acres;  plants  at  Stella,  75  acres; 
T.  J.  Roberts,  60 acres;  Mrs.  Ida  W.  Baker,  75  acres;  total,  9,100 acres. 

Sheldon  system, — Two  and  one-half  miles  from  Sheldon,  16  miles 
east  of  Houston,  the  Sheldon  Canal  Company  takes  the  water  for  its 
2,000  acres  of  rice  this  season  from  the  San  Jacinto  River  against  a 
40-foot  lift.  The  plant  consists  of  one  300-horsepower  Corliss  engine 
and  one  18-inch  Van  Wie  centrifugal  pump.  The  water  is  delivered 
into  a  flume  226  feet  long,  which  in  turn  delivers  it  into  the  canal, 
which  is  120  feet  wide  and  4  miles  long.  The  land  commanded  by  the 
canal  lies  on  both  sides  of  the  Southern  Pacific  Railroad. 

O'Donnell  system. — Thirteen  miles  south  of  Houston,  near  Erin,  on 
the  Santa  Fe,  J.  H.  O'Donnell  has  six  wells,  50  feet  apart.  These 
are  all  under  98  feet  in  depth  and  have  46  feet  of  water-bearing  sand 
and  gravel;  the  whole  length  in  sand  is  screened,  and  the  water  rises 
in  the  well  to  within  4  feet  of  the  surface.  The  power  is  supplied  by 
four  28-horsepower  Fairbanks  gasoline  engines,  which  operate  the 
5-inch  Morris  pumps.  These  are  placed  in  pits  15  to  17  feet  deep, 
and  are  operated  in  batteries  of  three  each.  The  soil  is  black  hog 
wallow,  and  650  acres  were  irrigated  during  the  season  of  1902. 

Meadow  Brook  system. — On  the  Meadow  Brook  farm,  northeast  of 
Clodine,  Fort  B.  Smith  has  drilled  forty-seven  wells  and  has  twelve 
complete  plants,  ten  operated  by  steam  and  two  by  Fairbanks  gaso- 
line engines.     A  complete  plant  consists  of  a  central  steam  boiler. 
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using  oil  for  fuel,  and  two  or  three  engines,  located  in  either  oppo- 
site directions  from  the  boiler  or  in  such  position  as  to  form  a  right 
angle  with  the  central  plant.  Thus  one  of  these  plants  consists  of  a 
125-hoi-sepower  Erie  City  boiler  oi)erating  two  35-horsepower  engines, 
which  run  the  centrifugal  pumps.  Two  wells  are  connected  by 
piping  in  each  pit,  and  one  pump  is  then  connected  to  the  common 
junction.  These  companion  wells  are  about  20  feet  apart  and  are 
usually  150  deep  and  10-inch  bore, 

Dickey  systems. — Sixteen  miles  west  of  Houston  and  1^  miles  north 
of  Daisy,  S.  P.  Dickey  has  a  rice  farm  where  G40  acres  were  irrigated 
this  season  from  five  wells.  These  wells  are  of  an  average  depth  of 
200  feet,  and  the  power  to  raise  the  water  is  supplied  by  four  16- 
horseiK)wer  Fairbanks-Morse  gasoline  engines  and  one  25-hor8epower 
steam  engine.  South  and  southwest  of  Clodine,  in  Fort  Bend  County, 
are  located  the  well  plants  of  B.  A.  Evarts,  with  125  acres;  IL  F. 
Ring,  with  165  acres,  and  F.  E.  Jones  and  S.  M.  Gordon,  with  500 
acres.  The  wells  are  usually  110  and  250  feet  deep,  connected  in  the 
same  pit  by  a  T  joint. 

Seven  miles  northwest  of  Houston  C.  L.  and  C.  H.  Bering  have  a 
rice  farm  on  the  Buffalo  Bayou,  from  which  water  is  taken.  The  lift 
is  50  feet.  The  soil  is  a  black  hog  wallow.  One  hundred  and  fifty 
acres  were  irrigated  in  1901,  commanding  from  $3  to  $3.75  a  sack. 
The  plant  consists  of  one  10-inch  Hooker  duplex  steam  pump  and  a 
60-hor8epower  boiler,  the  capacity  being  estimated  at  from  1,500  to 
1,800  gallons  a  minute.     In  1902  200  aci*es  were  irrigated. 

Near  the  plant  just  described  Conrad  Bering  had  87  acres  in  rice 
in  1901,  which  he  irrigated  from  three  wells,  400,  450,  and  500  feet 
deep,  and  all  being  flowing  wells  the  lift  is  very  slight.  The  wells 
cost  11,500  each.  The  8-inch  Enowles  duplex  pump  is  on  the  sur- 
face. The  yield  was  17  sacks  to  the  acre,  selling  for  from  12.75  to 
$3.50  a  sack.     In  1902  125  acres  were  irrigated. 

Eighteen  miles  east  of  Houston,  on  Bear  Bayou,  the  Harris  County 
Rice  Company  (Radford  &  Co.)  had  110  acres  of  rice  in  1901, yielding 
1,040  sacks,  commanding  $3.40  a  sack.  Their  engine  is  a  125-horse- 
power  Watertown  high-speed  engine,  and  their  pump  a  15-inch  Law- 
rence. The  lift  is  42^  feet,  and  the  estimated  capacity  7,000  gallons 
a  minute.  The  main  canal  is  40  feet  wide  and  l.G  miles  long.  Dur- 
ing the  season  of  1902  600  acres  were  irrigated. 

Systems  near  Katy. — In  the  vicinity  of  Katy  Messrs.  J.  E.  Cabaniss, 
A.  Stockdick,  W.  J.  Nelson,  William  Eule,  and  T.  G.  Roberts  have 
well  plants  ranging  in  capacity  from  40  to  90  acres  for  this  year.  The 
wells  are  from  93  to  130  feet  total  depth  and  have  screens  from  12  to 
20  feet  long.  Cabaniss  and  Eule  use  Foos  gasoline  engines  of  22 
and  14  horsepower,  respectively;  Stockdick  uses  a  22-horsepower 
Fairbanks-Morse,  while  Nelson  and  Roberts  use  steam  engines.  The 
Morris  pumps  are  used  by  Cabaniss,  Eule,  and  Roberts,  while  Eule 
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has  a  Van  Wie  and  Stockdick  a  Ganed.     The  acreage  is  as  follows: 
Cabaniss,  75;  Stockdick,  40;  Nelson,  90;  Eule,  60;  Roberts,  GO. 

Three  miles  from  Genoa,  on  the  Galveston,  Houston  and  Henderson 
Railroad,  A.  W.  Wilkeraon  has  an  irrigation  plant  consistmg  of  two 
stations  about  a  half  mile  apart.  At  one  station  there  is  a  22-hor8e- 
power  portable  engine  and  an  8-inch  Morris  pump;  and  at  the  other 
station  a  T-horsepower  Foos  gasoline  engine  running  a  6-inch  Morris 
pump.  The  water  is  obtained  from  8 J  inch  artesian  wells  500  feet 
deep.  The  soil  is  a  rich  black  prairie  soil.  Two  hundi'ed  and  fifty 
acres  were  irrigated  in  1902. 

GALVESTON   COUNTY. 

Six  miles  east  of  Alvin,  in  Galveston  County,  near  the  junction  of 
the  Chigre  Bayou  with  Clear  Creek,  Berry  W.  Camp,  of  Houston,  has 
in  operation  a  rice  farm  of  1,000  acres,  which  yielded  86  bushels  to  the 
acre  in  1901.  A  150-iiorsepower  Corliss  engine  operates  a  15-inch 
Van  Wie  centrifugal  pump,  which  delivers  8,000  gallons  a  minute 
(18  second-feet)  against  a  lift  of  40  feet.  The  water  is  pumped  out 
of  an  elliptical  basin  40  feet  across  and  17  feet  deep,  which  was 
excavated  in  the  banks  of  the  bayou  and  walled  in  with  sheet  piling 
and  floored  with  heavy  timber,  and  is  discharged  into  a  flume  2 
feet  by  6  feet  2,000  feet  long  and  delivered  to  the  main  canal,  which 
is  25  feet  wide  and  2  miles  long.  Both  the  Japan  and  the  Hon- 
duras rice  were  sowed,  500  acres  of  each,  the  seed  being  imported  for 
the  purpose ;  If  bushels  were  sowed  to  the  acre.  The  soil  is  black, 
from  3  to  4  feet  deep  with  a  clay  subsoil.  The  best  machinery  for 
handling  the  rice  has  been  introduced.  The  thresher  is  the  latest 
improved.  It  threshes,  feeds  itself,  stacks  the  straw,  sacks  the  grain 
(two  sacks  at  a  time),  and  has  a  capacity  of  2,000  bushels  every  eight 
hours.     In  1902  800  acres  were  planted. 

One  and  one-half  miles  south  of  Algoa  Mr.  R.  B.  Halley  sunk  seven 
wells  from  42  to  45  feet  deep  early  in  1901,  arranging  them  in  a  battery 
formation,  four  on  one  side  and  three  on  the  other.  Two  4-inch  wells 
connect  with  a  G-incli  pipe,  and  this  G-ineh  pipe  and  a  4-inch  pipe 
join  and  unite  with  an  8-inch  pipe,  while  another  4-inch  pipe  unites 
with  the  8-inch  pipe.  On  the  other  side  two  4-inch  wells  join  with  a 
G-inch  pipe,  and  this  G-inch  pipe  anda4-incli  jiipe  unite  with  an  8-inch 
pipe,  which  is  bushed  into  a  10-inch  pipe.  The  two  10-inch  pipes  form 
a  T  to  the  pumps.  The  oi)erating  machinery  consists  of  a  22-horsepower 
Foos  portable  gasoline  engine  and  an  8-inch  Morris  verticiil  suction 
pump.  The  pumps  are  placed  8  feet  below  the  surface.  The  water 
rises  to  within  4  feet  of  the  surface  of  the  ground.  After  the  pumps 
are  started  the  water  level  is  lowered  10  feet,  giving  a  lift  of  from  18 
to  22  feet.  The  soil  is  black  prairie  soil.  The  water  supply  for  1901 
failed,  and  only  250  sacks  of  "  Providence"  rice  were  raised. 
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BRAZOS  VALLEY  SECTION. 
WASHINGTON   COUNTY. 

East  of  the  Colorado  Valley  and  from  the  country  along  the  Santa 
Fe  Railroad  to  Trinity  River  there  are  a  number  of  plants,  but  they 
can  not  be  classed  in  any  system  geographically  distinct.  They  ai'e 
in  the  counties  of  Washington,  Austin,  Waller,  Fort  Bend,  Harris, 
Brazoria,  and  Galveston.  The  highest  plants  in  this  group  are  in 
Washington  County  and  take  their  water  from  Brazos  River.  They 
are  owned  by  W.  E.  Buchanan,  Ileber  Stone,  and  J.  P.  Buchanan, 
all  residents  of  Brenham.     In  1902  775  acres  were  irrigated. 

The  plant  of  W.  E.  Buchanan  is  about  18  miles  from  Brenham.  It 
consists  of  a  35-horsepower  Atlas  engine  and  an  8-inch  Morris  pump, 
having  an  estimated  capacit}^  of  3,500  gallons  a  minute  (nearly  8 
second-feet)  under  the  lift  of  40  feet.  The  soil  is  that  of  the  rich 
Brazos  bottom  lands,  and  200  acres  were  planted  in  1902. 

The  plant  of  Heber  Stone  is  in  Waller  County,  about  18  miles  from 
Brenham.  It  consists  of  a  1 25-horsepower  Beaumier  Brothers'  engine 
and  a  15-inch  Van  Wie  pump.  The  lift  is  40  feet,  and  the  estimated 
capacity  7,000  gallons  a  minute  (15.0  second-feet).  The  machinery 
did  not  arrive  in  time  for  the  crop  of  1901,  but  it  is  the  intention  to 
irrigate  200  acres  in  1902. 

J.  P.  Buchanan's  rice  farm  is  in  the  neighborhood  of  the  former, 
but  is  in  Washington  County.  A  1 25-horsepower  Beaumier  Brothers' 
engine  runs  the  15-inch  Morris  pump  against  a  lift  of  40  feet,  and  it  is 
estimated  that  the  capacity  is  7,000  gallons  a  minute.  The  soil  is  the 
famous  Brazos  bottom  land.  Forty  acres  were  irrigated  in  1901, 
yielding  50  bushels  to  the  acre,  and  625  acres  were  irrigated  in  1902. 

The  floods  in  the  Brazos  in  the  early  part  of  August,  1902,  destroyed 
most  of  the  rice  in  Washington  County. 

AUSTIN  COUNTY. 

In  Austin  County  there  are  a  few  well  plants.  That  of  Hackborth 
&  Koy  is  on  Mill  Creek,  from  which  it  takes  its  water,  6  miles  north- 
east of  Sealy.  It  consists  of  an  8- inch  Morris  pump  and  a  40-horsepower 
Erie  City  engine,  working  against  a  lift  of  31  feet.  The  soil  is 
described  as  a  red  buckshot  with  an  admixture  of  black  sand.  Two 
hundred  acres  were  irrigated  during  1902. 

SAN  BERNARD  CREEK. 

Stone  system, — On  East  San  Bernard  Creek  James  and  Stephen 
Stone  have  installed  an  irrigation  system  1^  miles  from  Beard,  with 
which  390  acres  were  irrigated  in  1900,  producing,  after  the  Galveston 
storm,  6  sacks  to  the  acre,  commanding  13  a  sack,  and  300  acres  in 
1901,  yielding  3,000  sacks,  which  sold  for  $3  a  sack.     The  plant  con- 
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sists  of  om*  150-hor8epower  Westinghouse  automatic  compound  engine, 
operating  a  No.  13  Ivens  pump  having  15-inch  suction  and  13-inch 
discharge  pipes.  The  estimated  capacity  is  7,000  gallons  a  minute 
(IG  second-feet)  under  a  lift  of  27  feet.  The  fiume  is  5  feet  by  2  feet 
by  520  feet  long,  and  deliv^ers  the  water  into  a  canal  2  miles  long  and 
100  feet  wide.  The  laterals  are  three-fourths  mile  long  and  15  feet 
wide.  The  soil  is  light  and  sandy,  from  1  to  1^^  feet  deep.  Wood 
is  used  for  fuel,  requiring  3  cords  a  day  for  the  390  acres  irrigated  in 

1900.  The  experience  here  in  1900  confirms  the  estimate  of  irri- 
gators in  the  Beaumont  section  and  in  west,ern  Louisiana — that  it 
requires  full}'^  9  gallons  a  minute  for  each  acre  irrigated,  or  1  second- 
foot  for  each  50  acres.     In  1902  300  acres  were  irrigated. 

Jahn  system, — Just  north  of  Beard  G.  A.  Jahn  and  associates  have 
opened  up  a  rice  farm  with  the  intention  of  deriving  the  necessary 
water  from  San  Bernard  Creek  by  impounding  in  a  reservoir  of  100,000 
gallons'  capacity. 

A  crib-work  dam,  350  feet  long,  backs  the  water  up  1  mile  and 
deflects  it  into  a  canal  and  pit.  The  water  is  then  pumped,  under  a 
lift  of  25  feet,  into  a  reservoir  covering  180  acres.  The  wat.er  is 
pumped  out  of  the  reservoir  into  the  supply  canals  by  two  18-inch 
Van  Wie  pumps.  The  power  is  supplied  by  a  300-hor8epower  CJorliss 
engine.  This  company  irrigated  700  acres  in  1902.  Ten  miles  south- 
east of  Sealy,  and  4  miles  north  of  Chesterville,  Dr.  Magruder  has 
construct(id  a  dam  across  the  Little  Bernard,  forming  an  impounding 
reservoir  from  which,  with  a  28-horsepower  engine,  he  pumped  water 
into  75  acres  of  rice  during  the  season  of  1902.  Adjoining  the  San 
Bernardo  Company,  Stephen  Stone  has  dammed  a  small  tributary  of 
the  San  Bernard,  forming  an  impounding  reservoir  from  which,  with 
a  150- horsepower  Westinghouse  automatic  compound  engine  and  one 
13-inch  Ivens  centrifugal  jmmp,  he  raises  the  w-ater  into  his  flumes. 
In  1902  300  acres  Avere  thus  irrigated. 

FORT  BEND  COUNTY. 

The  Fort  Bend  Irrigation  Canal  Company  has  two  pumping  plants. 
The  second  plant  pumps  from  Smithers,Lake,  which  during  average 
seasons  has  an  abundance  of  water  for  ordinary  purposes.  The  lake 
has  a  drainage  area  of  14  square  miles,  and  the  outlets  are  dammed 
to  prevent  waste.  Notwithstanding  this,  it  was  evident  early  in  the 
season  of  1901  that  the  long-continued  drought  in  the  coast  country, 
which  extended  pracii('ally  from  September  8,  1900,  to  September, 

1901,  had  completely  exhausted  the  resources  of  the  lake.  At  the 
second  lift  the  plant  is  comi)osed  of  one  50-horsepower  Chandler  & 
Taylor  engine  and  one  13-incli  Ivens  pump,  the  capacity  of  which, 
with  the  lift  of  18  feet,  is  estimated  to  be  10,000  minute-gallons.  The 
soil  is  black  prairie  land  with  a  good  subsoil,  400  acres  of  which  were 
irrigated  during  the  current  season.     The  plant  at  the  river  consists 
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of  an  engine  of  250-hor8epower,  operating  the  pump  against  a  lift  of 
45  feet.  This  plant  pumps  the  water  into  Dry  Bayou,  and  this  in  turn 
to  Lake  Bayou.  A  dam  has  been  constructed  across  Rabb  Bayou  to 
hold  the  water  from  passing  out.     The  acreage  in  1902  was  750. 

The  pumping  plant  of  the  Brazos  Canal  Company  is  located  on  Jones 
Creek,  6  miles  north  of  Richmond,  Tex.,  and  30  miles  west  of  Hous- 
ton. The  water  is  taken  from  the  creek,  which  possesses  the  charac- 
teristics of  a  bayou  and  acts  as  a  storage  reservoir  17  miles  long.  The 
lands  to  be  irrigated  lie  to  the  west  of  Houston  and  fall  generally  to 
the  eastward  from  the  pumping  plant.  An  extra  pumping  plant  is 
located  on  the  Brazos  River  just  below  the  upper  junction  of  Jones 
Creek  with  the  Brazos,  and  at  low  stages  the  river  pumps  will  have 
to  lift  the  water  32  feet  into  the  reservoir.  A  tunnel  is  excavated 
from  the  bayou  reservoir  to  the  river,  and  when  the  level  of  the  river 
water  rises  32  feet  it  flows  into  the  reservoir  without  pumping  or  it 
can  be  shut  off  if  desired.  At  the  second  pumping  plant  the  water 
will  be  lifted  52  feet  into  a  canal,  giving  4  feet  of  water  in  the  canal, 
which,  with  the  configuration  of  the  country,  can  cover  the  lands  to 
the  east  by  gravity.  Duriug  1902  it  is  intended  to  irrigate  2,000  acres 
only. 

The  Brazoria  Rice  and  Irrigation  Company  takes  its  water  from  the 
Brazos  above  a  crossing  of  the  Santa  Fe  with  the  Brazos.  The  plant 
consists  of  a  900-horsepower  Greenwald  engine,  operating  a  Worth- 
ington  high-lift  36-inch  pump  against  a  head  of  47  feet,  and  has 
an  estimated  capacity  of  35,000  minute-gallons.  The  100-foot  canal 
from  the  river  conveys  the  water  into  a  lake  of  27  acres  about  1^ 
miles  from  the  river.  The  water  is  pumped  out  of  the  lake  into  the 
second  canal  by  a  450-horsepower  Greenwald  engine  and  a  36-inch 
Worthington  pump  against  a  lift  of  17  feet.  The  canals  extend  at 
present  to  the  eastward,  crossing  the  tracks  of  the  Columbia  Tap 
Railroad  near  Riceton.  It  is  contemplated  to  construct  another  canal 
crossing  the  Santa  Fe  Railroad  and  irrigating  land  south  of  Areola 
Junction.     Only  4,800  acres  were  irrigated  by  this  company  in  1902. 

BRAZORIA  COUNTY. 

In  Brazoria  County  the  following  persons  have  plants:  J.  A.  Bent, 
William  Masterson,  Howard  F.  Smith,  Rod  Oliver,  H.  and  G.  Munson, 
F.  C.  Baker,  Judge  Walker,  A.  H.  Bartel,  and  John  Chase.  Two  miles 
south  of  Areola  Junction,  J.  A.  Bent  has  a  small  plant  of  about 
35  acres,  where  a  small  donkey  engine  and  a  4-inch  Morris  pump 
raise  the  required  water  from  a  well.  The  rice  farm  of  William 
T.  Masterson  is  4  miles  southwest  of  Sandy  Point,  and  derives  its 
water  from  Oyster  Creek.  A  25-horsepower  Erie  City  engine  operates 
an  8-inch  Morris  pump  against  a  lift  of  17  feet  and  irrigates  30  acres 
of  rice,  yielding  250  sacks.  II.  F.  Smith's  farm  of  175  acres  is  1^ 
miles  north  of  Sandy  Point,  and  derives  its  water  from  Jackson  Lake. 
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The  plant  of  Rod  Oliver  is  10  miles  southwest  of  Angletoii.  A 
25-horsepower  engine  oponites  a  special  pump  designed  by  Mr.  Baker,  of 
Angleton,  against  a  lift  of  10  feet.  It  discharges  through  a  vertical 
penstock  3  feet  by  3  feet.  Seventy-five  acres  were  irrigated  in 
1901.  The  plant  of  11.  and  G.  Munson  is  3  miles  west  of  Angleton, 
on  Oyster  Creek,  and  consists  of  an  80-horsepower  Erie  City  engine, 
operating  a  15-inch  Morris  pump,  against  a  lift  of  10  feet.  This  plant 
was  late  in  being  completed,  but  notwithstanding  this  250  acres  were 
irrigated  in  1901.  Only  100  acres  were  harvested,  however,  the  yield 
being  900  sacks,  which  sold  for  $2.50  a  sack.  In  1902  700  acres  were 
irrigated. 

The  rice  farm  of  Walker  &  Cain,  near  Angleton,  has  three  pump- 
ing plants.  The  first  is  located  on  Bastrop  Bayou  and  consists  of 
one  150-horsepower  engine,  operating  two  15-inch  centrifugal  pumps 
against  a  lift  of  10  feet  and  having  an  estimated  capacity  of  25,000 
minute-gallons.  The  second  plant  is  located  on  Oyster  Creek  and 
constitutes  an  emergency  plant  in  times  of  low  water  in  Bastrop 
Baj^ou.  One  125-horsepower  engine  pumps  the  water  from  Oyster 
Creek  into  the  canal  that  leads  to  Bastrop  Bayou.  A  dam  has  been 
constructed  across  Bastrop  Bayou  to  keep  back  the  salt  water,  but  it 
also  acts  as  a  storage  reservoir  for  the  fresh  water.  Plant  No.  3 
constitutes  the  second  lift  for  the  main  supply  canal.  It  is  2  miles 
from  plant  No.  1,  and  a  75-hor8epower  engine  operates  the  pumps 
against  a  lift  of  6  feet  and  has  an  estimated  capacity  of  15,000  minute- 
gallons.     In  1902  1,400  acres  were  sown. 

John  Chase  also  obtains  water  for  his  60  acres  of  rice  from  the 
Bastrop  Bayou,  6  miles  southwest  of  Angleton.  He  harvested  only 
75  acres  in  1901.  The  pump  used  is  of  a  special  make,  manufactured 
by  Mr.  Baker,  of  Angleton.  It  is  run  by  a  25-horsepower  Erie  engine 
and  operates  under  a  lift  of  8  feet.  The  crop  was  badly  injured  by 
salt  water,  the  yield  being  2  sacks  to  the  acre. 

J.  G.  Smith  &  Bro.  own  and  operate  two  rice  farms,  one  6  miles  north 
and  the  other  9  miles  west  of  Columbia.  The  first  derives  its  water 
from  a  lake  covering  2,000  acres,  but  the  lake  failed  and  the  result 
was  no  crop.  The  plant  is  composed  of  two  Atlas  engines  of  40  and 
25  horsepower  and  two  Morris  pumps,  one  15-inch  and  the  other 
12-inch.  The  lift  is  12  feet  and  the  estimated  capacity  6,200  gallons 
a  minute.  The  plant  was  first  operated  in  1900,  when  85  acres  of  rice 
were  raised ;  but  in  1902  the  acreage  was  expanded  to  550  acres.  The 
second  plant  (9  miles  west  of  Columbia)  is  to  derive  its  water  from  an 
8-inch  well  270  feet  deep,  but  it  was  not  completed  in  time  for  the 
1901  crop.  One  40-horsepower  Nagle  engine  runs  an  8-inch  Morris 
pump,  working  under  a  lift  of  10  feet.  The  soil  is  a  black,  waxy 
prairie  soil.  This  firm  also  operates  a  well  plant  of  60  acres  near 
Guy,  in  the  Fort  Bend  country. 

The  plant  of  A.  H.  Bai'tel  is  6  miles  from  Angleton,  on  the  Bastrop 
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Bavou,  and  consistH  of  a  25-horsepower  enp^ine  and  a  12-inch  IjHwrence 
pump,  operating  against  a  lift  of  8J  fec^t.  He  irrigated  75  acres  in  lOOl, 
the  yield  being  135  sacks.     In  1902  100  acn»8  were  irrigated. 

COLORADO  VALLEY  SECTION. 

The  principal  rice  irrigation  systems  of  the  Colora<lo  Valley  are  in 
Colorado,  Wharton,  and  Matagorda  counties.  The  larger  systems  are 
indicated  on  the  map  forming  fig.  24. 

COLORADO   COUNTY. 
fiAGLE  LAKE. 

DuTiot'ani  system, — In  1899  Capt.  William  Dunovant  irrigated  250 
acres  of  rice  near  the  town  of  Eagle  Lake.  This  was  the  fii'st  rice 
farm  irrigated  along  Colorado  River,  and  proved  so  successful  that  in 
1900,  30,000  acres  were  irrigated  in  the  Colorado  Valley,  and  in  1901 
56,000  acres.  Water  for  the  Dunovant  plant  is  pumped  from  Eagle 
Lake,  a  beautiful,  clear,  fresh-water  lake  near  the  town  of  the  same 
name,  covering  an  area  of  about  2,500  acres  and  having  an  average 
depth  of  8  feet.  This  was  the  first  time  the  waters  of  the  lake  wei-e 
utilized  for  irrigation  purposes.  Captain  Dunovant's  plant  originally 
consisted  of  a  12-inch  Van  Wie  double-suction  pump,  throwing  4,000 
gallons  a  minute.  The  lift  was  27  feet.  The  three  boilera  were  old- 
style  tubular,  which  were  moved  from  a  sugar  mill  that  had  been 
destroyed  by  fire.  Two  had  two  14-inch  and  two  lO-inch  flues,  and 
the  third  had  two  16-inch  and  two  10-inch  flues.  The  engine  was  a 
200  horsepower.  The  flume,  which  was  made  of  piping,  had  a  length 
of  about  350  feet.  With  this  equipment  250  acres  were  irrigated  in 
1899.  The  plant  was  added  to  considerably  in  19(X).  A  new  21-inch 
Ivens  pump,  having  a  capacity  of  15,000  gallons,  and  a  150-horse power 
automatic  engine  were  installed,  and  with  the  other  operating  machin- 
ery 3,000  acres  were  irrigated.     In  1902,  3,(500  acres  were  irrigated. 

As  Eagle  Lake  will  not  supply  this  plant  and  that  of  the  Eagle 
Lake  Rice  Company,  Captain  Dunovant  and  the  rice  company  have 
each  erected  pumping  plants  on  Colorado  River  to  pump  water  from 
the  river  to  the  lake. 

The  plant  has  been  added  to  from  time  to  time  till  it  now  consists 
of  three  pumping  stations,  two  on  the  lake  and  one  on  the  river.  That 
on  the  river  consists  of  a  300-horsepower  engine,  operating  tliree 
centrifugal  pumps — one  18-inch  Morris,  one  15-inch  Morris,  and  one 
18-inch  Ivens — all  working  under  an  ordinary  lift  of  14  feet.  The  lift 
would  have  been  much  more  than  this,  but  the  canal  to  convey  the 
water  from  the  river  to  the  lake  was  so  deepened  that  the  low  lift  of 
14  feet  was  secured.  The  old  plant  on  the  lake  consists  of  three 
engines — ^two  of  150  horsepower  each  and  one  of  60  horsepower.  These 
operate,  against  a  lift  of  22  feet,  three  centrifugal  pumps— one  12-inch 
Van  Wie,  one  20-inch  Morris,  and  one  21-inch  Ivens.    Thi^  plant 
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delivers  the  water  into  a  flume  that  connects  with  the  main  canal 
system  that  crosses  the  tracks  of  the  Cane  Belt  Railroad  by  means 
of  an  inverted  siphon.  The  third  plant  is  situated  on  the  lake  between 
the  towns  of  Lakeside  and  Eagle  Lake  and  is  operated  by  an  electric 
motor  that  derives  its  power  from  the  engines  at  the  gin  in  Lakeside. 
The  pump  is  a  12-inch  Morris  and  works  under  a  lift  of  27  feet.  The 
water  is  delivered  into  a  flume  which  connects  with  a  main  canal  that 


Fio.  ^.— Map  showlxiff  irrigation  caxuilB  at  Eagle  Lake. 

also  crosses  the  Cane  Belt  tracks  and  there  parallels  the  tracks  crossing 
the  canal  of  the  Eagle  Lake  Rice  Company's  plant  and  connects  with 
the  canal  from  the  original  pumping  stations.  At  these  stations  80 
barrels  of  Beaumont  oil  are  used  for  fuel  every  twenty-four  hours. 
In  1902  3,600  acres  were  irrigated. 

The  Eagle  Lake  Rice  Company  system  {also  knotvn  as  Vineyard 
and  Walker  Canal). — This  company  has  erected  a  pumping  plant 
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about  one-fourth  of  a  mile  north  of  Captain  Dunovant's,  on  the  east- 
ern edge  of  Eagle  Lake,  and  another-  on  Colorado  River,  3  miles 
from  the  first  plant.  The  plant  on  the  lake  consists  of  three  125- 
horsepower  boilers  and  one  250-hor8epower  engine,  operating  a  24-inch 
Ivens  pump  having  a  capacity  of  20,000  gallons  a  minute,  and  one 
350-horsepower  engine,  operating  a  30-inch  Ivens  pump  having  a 
capacity  of  25,000  gallons  a  minute.  Either  of  the  pumps  can 
be  operated  from  the  boilers,  but  both  can  not  be  operated  at  the 
same  time.  This  plant  is  equipped  with  oil  burners  and  storage  tanks 
and  a  pipe  line  from  the  Cane  Belt  Railroad.  The  river  plant  con- 
sist*  of  one  300-horsepower  engine  and  two  150-horsei)ower  boilers 
(another  of  the  same  size  is  being  added),  operating  a  30-inch  Ivens 
pump  of  25,000  gallons  capacity,  against  a  maximum  lift  of  28  feet. 
The  water  is  canalled  to  a  branch,* 
which  takes  it  into  the  lake,  and 
from  there,  in  time  of  low  water, 
is  conveyed  by  means  of  a  canal 
to  the  plant  across  the  lake.  The 
river  plant  has  a  3-inch  oil-pipe 
line  7,000  feet  long  leading  from 
the  Aransas  Pass  Railroad  to  the 
plant,  also  storage  tanks,  and  is 
fully  equipped  for  burning  oil, 
which  has  proved  a  very  satisfac- 
tory fuel  in  every  way.  It  is 
cheaper  in  first  cost,  can  be  aj)- 
plied  at  less  than  half  the  exi)ense 
for  firemen,  and  is  more  effective 
than  coal  or  wood. 

The  canal  is  60  feet  wide  at  it« 
head,  or  where  the  flume  enters  it, 
but  after  the  rice  farm  is  readied 
the  width  is  increased  to  100  feet. 
The  total  length  of  the  canal  is  16,840  feet.  The  distance  from  the 
mouth  of  the  canal  to  the  first  gate  is  4,3(K)  feet.  There  are  two  large 
laterals  leading  from  the  canal,  one  4,000  feet  long,  the  other  3,000 
feet  long.  A  few  hundred  feet  from  its  head  the  canal  crosses  the 
Cane  Belt  Railroad,  and  this  crossing  led  to  a  dispute  between  the 
canal  company  and  the  railroad  company.  The  canal  was  too  high  to 
go  under  the  railroad  as  graded,  and  the  company  would  not  elevate 
the  track  so  that  the  canal  could  go  under.  It  was  finally  decided  to 
carry  the  water  under  the  track  by  a  siphon.  This  siphon,  except 
under  the  track  proper,  is  made  of  brick,  the  cross  sections  and  dimen- 
sions being  shown  in  fig.  25.  Owing  to  the  jar  caused  by  passing 
trains  it  was  .considered  wise  not  to  extend  the  brick  conduit  under 
the  track.     Consequently  the   brickwork   stops  on  both  sides,  just 
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Fig.  9f5.— Cross  section  of  Eaglo  Lake  Rice  Com- 
pany's siphon  under  Cane  Belt  Railroad. 
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before  the  track  is  reached,  and  the  water  is  carried  through  by  means 
of  pipes.  The  falling  and  rising  curves  in  the  siphon  are  easy,  so  as 
to  eliminate  as  much  friction  as  possible. 

The  company  irrigated  3,000  acres  in  1900.  In  1901,  3,200  acres 
were  planted,  but  the  supply  of  water  in  Eagle  Lake  failed  to  such  an 
extent  that  only  a  few  acres  were  harvested.  It  is  the  intention  to 
sow  from  3,000  to  3,500  acres  in  1902.  The  soil  on  the  farm  is  black 
and  sandy.  The  contour  of  the  land^  proves  to  be  of  great  advantage, 
for  after  a  certain  distance  the  ground  falls,  making  a  second  lift 
plant  unnecessary. 

COLORADO  RIVER. 

Sigler  system  and  Harbart'Stafford  Rice  Company  systenus. — West 
of  Colorado  River,  near  the  stations  of  Altair  and  Rock  Island,  on 
the  San  Antonio  and  Aransas  Pass  Railroad,  several  small  rice  irriga- 
tion plants  have  been  introduced.  On  the  west  bank  of  the  river  a 
few  hundred  feet  below  the  railroad  bridge,  in  plain  view  of  pass- 
ing trains,  are  the  pumping  plants  of  Dr.  11.  O.  Sigler  and  the  Har- 
bart-Stafford  Rice  Company.  The  rice  farm  of  the  former,  which  is 
nearest  the  railroad  bridge,  lies  along  both  sides  of  the  railroad  track. 
The  plant  consists  of  an  8-inch  Wells  pump  operated  by  a  35-horse- 
power  Atlas  engine.  Under  a  lift  of  34  feet  the  capacity  of  the  plant 
is  estimated  at  2,500  gallons  a  minute  (42  second-feet).  The  plant 
cost  $4,500,  and  from  it  200  acres  of  rice  were  irrigated  in  1900  (pro- 
ducing 2,500  sacks)  and  200  acres  in  1902. 

The  plant  of  the  Harbart-Stafford  Rice  Company  is  just  below  that 
of  Dr.  Sigler  and  west  of  Colorado  River.  It  consists  of  a  150-horse- 
power  Atlas  engine  operating  an  18-inch  Van  Wie  suction  pump 
having  an  estimated  capacity  of  16,000  gallons  a  minute  (35  second- 
feet)  under  a  lift  of  33  feet  from  the  river  level  to  the  flume.  The 
flume  is  200  feet  long,  5  feet  wide,  and  2  feet  deep,  and  discharges 
into  the  main  canal,  which  is  li  miles  long  and  40  feet  wide,  with  2 
miles  of  laterals  20  feet  wide.  The  plant  cost  $8,000,  and  the  com- 
pany planted  350  acres  of  rice  in  1902. 

Westmoi^eland  system. — Four  miles  from  the  Aransas  Pass  Railroad 
bridge  J.  W.  Westmoreland  has  a  rice  farm  of  225  acres.  The  water 
is  taken  from  Colorado  River  b}^  an  8-inch  Morris  vertical  suction 
pump.  The  engine  is  a  50-horsepower  Erie  City,  and  the  water  is 
raised  to  a  height  of  42  feet. 

Four  miles  east  of  Rock  Island  and  1  mile  below  the  crossing  of  the 
San  Antonio  and  Aransas  Pass  Railroad  with  Skull  Creek  the  Brandon 
Brothers  have  a  rice  farm  that  derives  the  necessary  water  from  Skull 
Creek.  The  plant  consists  of  a  40-horsepower  Erie  City  engine  and 
an  8- inch  Van  Wie  pum^)  that  operati^s  against  a  lift  of  32  feet,  and 
during  the  season  of  1902  irrigated  85  acres  of  rice. 

The  total  rice  acreage  in  Colorado  County  west  of  the  river  is  as 
follows:  From  well  plants,  840  acres";   Brandon  Brothers,  85  acres; 
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J.  W.  Westmoreland,  220  acres;  II.  C.  Siller,  150  acres;  Ilarbart- 
Stafford,  350  acres;  Red  Bluff  Company,  1,200  acres;  total,  2,845 
acres. 

WELL  PLANTS. 

On  the  west  side  of  the  Colorado  River,  in  the  country  lying  between 
Rock  Island  and  Garwood,  a  number  of  small  rice  farms  that  derive 
their  water  from  wells  have  been  opened  up.  The  wells  are  somewhat 
similar  in  construction  and  always  consist  of  a  pit,  either  circular  or 
rectangular  in  cross  section,  excavated  to  a  depth  of  18  to  22  feet, 
with  a  bored  well  in  the  bottom.  This  well  must  always  extend  through 
sufficient  water-bearing  sand  and  gravel  to  give  flow  enough  for  the 
fami.  A  screen  must  be  let  into  the  sand  strata,  which  will  keep  the 
sand  as  far  as  possible  out  of  the  pipes  and  will  admit  sufficient  water. 
These  screens  are  of  various  forms  and  lengths,  and  upon  the  screens 
often  hangs  the  success  of  the  whole  enterprise.  The  first  step  in  a 
scheme  of  this  kind  is  to  get  a  well.  Nothing  further  should  be  done 
till  the  w^ell  is  an  assured  fact.  The  screen  can  be  of  side  or  end  suc- 
tion. In  the  former  case  the  pipe  is  perforated  with  holes  one-half  to 
three-fourths  inch  in  diameter,  2  to  3  inches  apart.  Around  the  pipe 
is  then  wrapped  fine  wire,  almost  touching,  and  over  this  a  copper 
gauze  is  stretched,  the  mesh  varying  with  the  kind  of  sand,  and  often 
experience  is  the  only  sure  test.  The  end-suction  screen  will  be 
described  later.  The  wells  of  Baker  Brothers  and  W.  C.  Jones  will 
serve  to  illustrate  those  west  of  the  river  in  Colorado  County.  The 
Baker  well  has  a  screen  27  feet  long  at  the  bottom  of  a  67-foot  well, 
while  the  Jones  well  encountered  water  at  a  depth  of  34  feet,  and 
from  this  depth  was  placed  a  30-inch  screen  29  feet  through  coarse 
gravel.  The  suction  pipe  is  attached  to  the  screen  pipe,  and  gener- 
ally a  centrifugal  pump  is  placed  in  the  bottom  of  the  pit,  and  the 
vertical  shaft  extends  several  feet  above  the  surface  of  the  ground. 
A  pulley  is  mounted  on  this  shaft  and  is  operated  from  the  cmgines 
by  belts.  The  engines  are  generally,  for  a  single  well,  small  steam 
engines  of  15  to  40  horsepower,  or  gasoline  engines  of  12  to  28  horse- 
power. A  good  well  outfit  ought  to  be  put  in  for  about  $1,000.  The 
well  plants  west  of  the  river  in  Colorado  County  are  as  follows: 
Frank  Marshall,  50  acres;  Berry  Brothers,  00  acres;  E.  I).  Bone,  135 
acres;  W.  C.  Jones,  200  acres;  John  Duncan,  100  acres;  Baker 
Brothers,  100  acres;  Berry,  Cox,  Johnson,  85  acres;  Will  Carr,  80 
acres;  total,  840  acres. 

Just  north  of  Garwood  the  plant  of  the  Red  Bluff  Rice  Company 
takes  it«  water  from  the  Colorado  River.  The  plant  consists  of  two 
ISO-horsepower  Erie  Cit}"  boilers  and  one  3(X)-horsepower  Corliss 
engine.  Water  is  pumped  from  the  Colorado  River,  and  1,200  acres 
of  rice  were  irrigated  in  1002.  The  lift  is  42  feet  and  tin*  pump  is  an 
18-inch  Morris  centrifugal  and  has  an  estimated  capacity  of  15,(X)() 
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minute-gallons.  The  water  is  delivered  into  a  flume  GOO  feet  long  and 
then  into  the  main  canal,  which  is  100  feet  center  to  center  of  embank- 
ments and  1^  miles  long.  The  laterals  are  about  30  feet  center  to 
center  of  embankments  and  about  1  mile  long. 

Marshall  system. — Within  the  neighborhood  of  Rock  Island,  on  the 
Aransas  Pass  Railroad,  there  are  a  number  of  projected  rice  farms 
and  a  few  that  were  ready  at  the  opening  of  the  season  of  1901.  Two 
miles  south  of  Rock  Island,  Frank  Marshall  has  a  well  78  feet  deep, 
from  which  water  is  forced  by  a  G-inch  Morris  pump  operated  by  a 
35-horsepower  Erie  City  engine.  The  plant  cost  $1,500,  and  although 
it  was  late  in  the  season  before  it  was  ready  for  work,  100  acres  were 
irrigated  in  1901. 

Small  system. — Nine  miles  south  of  Rock  Island,  A.  W.  Small  owns 
a  plant  consisting  of  a  6-inch  Morris  pump  and  a  35.horsepower  Erie 
City  engine.  The  lift  is  40  feet,  and  the  plant  is  estimated  to  possess 
a  capacity  of  1,050  gallons  a  minute.  Ninety  acres  were  irrigated  in 
1901.     The  cost  of  the  plant  was  about  $1,G00. 

In  that  section  lying  east  of  the  Cane  Belt  Railroad  and  between 
Sealy,  Ilungerford,  and  East  Bernard  there  are  twenty  well  plants, 
averaging  two  wells  to  the  plant,  the  acreage  varying  from  75  to  550. 
These  plants,  lying  mostly  in  that  section  bounded  by  Eagle  Lake, 
East  Bernard,  and  Chesterville,  have  a  common  bond,  in  that  they 
obtain  their  water  from  the  water-bearing  sand  lying  under  the  upper, 
blacker  soil.     A  few  typical  plants  will  be  described. 

Vick  system. — About  2  miles  east  of  Eagle  Lake,  (ieorge  Vick  has 
installed  a  plant  to  irrigate  from  wells.  In  1900  he  sunk  a  well  12 
feet  in  diameter  and  34  feet  deep,  and  with  an  Ivens  submerged  pump 
discharging  through  a  5-inch  force  main  he  irrigat.ed  125  acres  of  rice. 
The  pump  was  operated  by  an  Avery  traction  engine,  which  is  also 
used  for  traction  purposes.  The  water  was  discharged  into  a  small 
flume  12  inches  by  12  inches,  which  in  turn  discharged  into  a  ditch 
25  feet  wide  and  1  mile  long.  In  addition  to  the  125  acres  irrigated 
from  the  pumps,  25  acres  were  irrigated  by  damming  a  small  stream 
and  forming  a  storage  reservoir.  In  1900  Mr.  Vick  sowed  1^  bushels 
to  the  acre,  but  increased  this  to  IJ  and  2  bushels  an  acre  in  1901. 
The  crop  of  1900  was  damaged  by  the  Galveston  storm,  but  notwith- 
standing this  he  realized  19  bushels  to  the  acre,  which  sold  for  from 
SI. 50  to  $4.25  a  sack.  The  total  cost  of  the  plant  used  in  1900  was 
$2,250.  This  plant  is  now  owned  and  run  by  Hudson  &  Ayres.  A 
new  45-horsepower  Erie  City  engine  has  replaced  the  traction  engine. 
Beaumont  oil  is  used  as  fuel,  and  it  requires  about  3  barrels  for  a 
a  twenty-four-hour  run.     In  1902  1G5  acres  were  irrigated. 

Adams  system, — The  feasibility  of  using  windmills  for  rice  irriga- 
tion was  thoroughly  tested  at  the  farm  of  Adam  Adams,  4^  miles 
east  of  Eagle  Lake.     He  installed  nine  Gamble  long-stroke  wind- 
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mills,  each  having  a  3-iiich  by  14-inch  cylinder  and  a  10-foot  wheel, 
operating  pumps  having  2-inch  sncti^n  and  dischai^e  pipes  against  a 
lift  of  35  feet  from  the  s<»ven  wells  that  furnish  the  wat<^r.  The  plant 
c-ost  $82.5.  The  water  is  discharged  into  a  reservoir  4  feet  deep  cov- 
ering 15  acres  and  having  a  capacity  of  174,240  cubic  feet.  It  is 
estimated  that  the  windmills  have  a  capacity  of  70  gallons  a  minnte. 
The  windmills  proved  insufficient,  and  they  have  been  abandoned. 
A  Fairbanks- Morse  22-hor«epower  gasoline  engine,  operating  a  6-inch 
Morris  centrifugal  pump,  is  now  nsed  to  raise  the  water  to  the  flume. 
Eighty  acres  were  irrigated  in  1902. 


A  typical  surface  well  for  the  Cheaterville  plants  would  be  41  to  44 
feet  deep,  19  feet  to  water-bearing  sand,  and  then  20  to  25  feet  of 
sand,  followed  by  clay.  A  very  successful  screen  with  bottom  siic- 
tion  8  feet  long  is  used  in  this  neighborhood.  It  consists  of  a  wooden 
pipe  about  8  inches  in  diameter,  from  which  ti  to  8  radial  vanes  pro- 
ject about  6  inches,  A  heavy  wire  is  wrapped  spirally  ai-oiind  the 
vanes,  making  another  cylinder,  varying  in  diameter  from  24  to  3G 
inches.  Around  the  wrapped  cylinder  on  toji  of  the  wire  is  iittacheil 
a  wire  gauze  with  a  mesh  of  24  to  the  inch,  which  holds  back  the  sand, 
permitting  the  water  to  enter.  The  vanes  extend  below  the  bottom 
IRK  71—02 8 
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of  the  pipe  and  are  attached  to  a  bottom  cap,  thus  leaving  an  open 
space  for  the  water  to  enter  the  bottom  of  the  central  wooden  cylinder. 
The  suction  pipe  of  the  pump  is  attached  to  the  wooden  cylinder  near 
the  t<)p  of  the  screen.  A  good  well  and  a  good  screen  are  the  sine  qua 
non  for  a  successful  well  plant.  All  failures  can  be  traced  to  their 
absence.  This  is  the  reason  that  active  plants  of  1901  are  idle  in  1902. 
They  constitute  the  foundation  stone  of  success  in  the  prairie  rice 
farm.  Without  them  the  biggest  pumps  in  the  State  could  not  raise 
water.  Many  plants  in  Texas  in  the  last  two  years  have  been  started 
at  the  wrong  end.  Elaborat-e  canals,  excellent  machinery,  fine,  black, 
hog-wallow  land  are  futile  \Yithout  sufficient  water  of  the  right  kind. 
At  plant  No.  2  of  John  Linderholm,  at  Chesterville,  1,350  acres  of  rice 
were  irrigated  in  1901,  although  a  late  start  was  made.  The  machinery 
consists  of  a  28-horsepower  gasoline  engine,  operating  a  6-inch  Van 
Wie  pump.  The  plant  cost  $2,150;  expenses,  $500;  and  the  crop 
paid  for  the  plant,  expenses,  and  the  land,  estimated  at  $12.50  per 
acre.  This  season  Watt's  refined  Beaumont  oil  is  used  as  a  fuel  in 
the  gasoline  engines. 

Foster  system, — In  the  neighborhood  of  Chesterville,  7  miles  east 
of  Eagle  Lake,  H.  L.  Foster  has  installed  a  plant  to  derive  its  water 
from  a  well.  One  20-hor8epower  Erie  engine  runs  a  No.  4  Morris 
pump  having  5-inch  suction  and  4-inch  discharge,  which  has  an  esti- 
mated maximum  capacity  of  6(X)  gallons  a  minute  (1.33  second-feet) 
against  a  head  of  21  feet.  The  canals  are  three-eighths  mile  long 
and  6  feet  wide.  Unfortunately  the  water  supply  proved  a  failure, 
and  additional  wells  will  have  to  be  dug  to  obtain  sufficient  water 
for  the  rice  land. 

Linderholm  system, — One-fourth  mile  from  Chesterville,  John  Lin- 
derholm has  three  of  the  most  effective  well  plants  in  Texas.  Three 
No.  6  Van  Wie  pumps,  having  8-inch  suction  and  G-inch  discharge,  and 
one  No.  3  Van  Wie  pump,  having  5-inch  suction  and  3-inch  discharge, 
are  operated  by  four  Fairbanks  &  Morse  engines  of  34,  28,  34,  and  12 
horsei>ower,  respectively,  against  a  lift  of  20  feet,  estimated  to  have  a 
capacity  of  8,000  gallons  a  minute  (18  second-feet).  The  wells  are  on 
the  highest  points  of  the  land,  and  no  flumes  are  necessary.  Two  res- 
ervoirs have  been  constructed,  but  so  far  they  have  not  been  utilized. 
The  soil  is  a  sandy  loam,  and  the  125  acres  irrigated  in  1900,  notwith- 
standing the  Galveston  storm,  produced  8  sacks  of  rice  to  the  acre, 
commanding  $3.50  per  barrel  of  102  pounds.  Four  hundred  acres 
were  irrigated  in  1901,  the  yield  being  9^  sacks  to  the  acre,  command- 
ing from  $3  to  $3.10  a  barrel.  Land  is  rented  on  the  usual  one-half 
plan,  i.  e.,  one-fifth  of  tlie  crop  for  land,  one-fifth  for  water,  and  one- 
tenth  for  seed.  Gasoline  is  used  as  fuel.  The  engines  are  run  twelve 
hours  a  day,  and  reijuire  2,592  gallons  of  gasoline  (74  per  cent  i)roof) 
daily,  or  2  gallons  per  hour  per  horsepower.  The  three  plants  watered 
550  acres  in  1902. 

Oray  system, — Near  Lissie,  George  Gray  has  installed  a  28-horse- 
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power  Fairbanks  <fc  Morse  gasoline  engine,  which  operates  a  Van 
Wie  pump  having  a  G-inch  discharge  pipe  and  an  estimated  capacity 
of  22,000  gallons  a  minute  (5  second-feet).  The  plant  cost  $4,500. 
The  water  is  supplied  by  two  wells,  one  an  8-inch  well  103  feet  deep, 
with  91  feet  of  water,  the  other  a  10-inch  well  140  feet  deep,  with  115 
feet  of  water.  The  main  canal  is  three- fourths  mile  long  and  8  feet 
wide.  The  soil  is  black  and  sandy,  with  a  clay  subsoil.  One  and 
one-fourth  bushels  of  rice  are  sowed  to  the  acre.  For  the  land 
rented  one-fifth  of  the  crop  is  charged  for  land  rent,  one-fifth  for 
water,  and  one-tenth  for  seed — i.  e.,  for  land,  water,  and  seed,  one- 
half  of  the  crop  is  charged.  In  all  120  acres  were  irrigated  in  1901, 
but  the  cold  weather  ruined  50  acres.  The  70  acres  saved  yielded 
740  sacks.  A  second  plant  has  been  added,  and  400  acres  were 
planted  in  1IK)2. 

Malmquust  system. — C.  T.  Malmquist  irrigated  38  acres  from  one 
well  by  an  8-horsepower  Fairbanks  A  Morse  gasoline  engine,  operat- 
ing one  No.  4  Ivens  pump  haying  5-inch  suction  and  4-inch  discharge 
pipes,  and  an  estimated  capacity  of  600  gallons  a  minute  (1.33  second- 
feet)  under  a  lift  of  16  feet.  The  plant  is  1  mile  from  Chesterville. 
The  yield  was  300  sacks,  which  sold  for  $3.15  a  sack. 

McLain  system, — Four  and  one-half  miles  from  Chesterville  George 
McLain  irrigates  1 60  acres  from  two  wells.  One  Charter  1 8-horsepower 
gasoline  engine  runs  a  No.  4  Van  Wie  pump  having  a  5-inch  suction 
and  a  44-inch  discharge.  The  plant  has  an  estimated  capacity  of 
1,200  gallons  a  minute  (2.67  second-feet)  under  a  head  of  15  feet. 
Onl}'  5  acres  were  planted  in  1900,  and  the  crop  was  considerably 
damaged  by  the  (Galveston  storm.  The  soil  is  black  and  waxy,  and 
produced  7  sacks  to  the  acre  in  1900.  The  water  supply  failed  in  1901, 
and  Mr.  McLain  raised  no  rice. 

Townley  systevi, — The  plant  of  J.  C.  Townley,  three-fourths  mile 
from  Chesterville,  consists  of  one  No.  8  Morris  pump  having  9-inch 
suction  and  8-inch  discharge,  operated  b}'  a  35-horsepower  Erie  CUty 
engine.  The  lift  is  20  feet  and  the  estimated  capacity  1,7(X)  gallons 
a  minute  (3.8  second-feet).  The  soil  is  black  and  sandy.  Two  hun- 
dred acres  were  irrigated  in  1901.  The  plant,  exclusive  of  laud,  cost 
13,000. 

Electric  system. — Instead  of  having  several  distinct  power  plants, 
each  to  carry  its  own  pump  and  acreage,  the  Bernard  Rice  and  Irri- 
gation Company  (C.  B.  Sloat,  manager)  has  erected  on  its  plant,  2 
miles  east  of  Lissie,  a  central  power  plant,  consisting  of  a  steam 
engine  and  Ixiiler  of  capacity  sufficient  to  carry  two  whole  pumping 
plants.  The  power  is  conveyed  to  a  75-kilowatt  electric  motor,  and 
by  this  the  power  is  transmitted  electrically  by  wire  to  smaller  motors 
of  20-horsepower  capacity  at  the  three  i)umpiiig  plants  on  the  farm. 
The  exx)eriment  will  demonstrate  clearly  the  most  (economical  method 
of  operating  plants  where  pumps  are  located  in  different  parts  of  the 
farm. 
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WHARTON   COUNTY. 

Hudgins  Brothers  system, — Seven  miles  east  of  Wharton  the  Hiid- 
<rins  Brothers  have  opened  up  a  large  rice  farm  and  are  giving  wells 
a  full  and  fair  test.  They  have  in  all  eleven  wells;  seven  are  44  feet 
deep  and  four  are  36  feet  deep.  The  pumps  are  about  13  feet  below 
the  surface.  There  are  ten  No.  3  and  one  No.  1  Van  Wie  rotary 
pumps.  The  former  cost,  exclusive  of  freight,  185  each,  the  latter 
1115.  The  pumps  are  operated  by  gasoline  engines,  five  of  22  horse- 
power and  one  of  10  horsepower.  Eleven  hundred  acres  of  Japan 
rice  were  irrigated  in  1901,  but  only  450  in  1902. 

The  acreage  from  well  systems  in  the  section  between  Sealy  and 
Ilungerford  is  shown  in  the  following:  Hudson  &  Ayers,  165  acres; 
W.  W.  Miller,  200;  R.  B.  Dobbins,  100;  J.  E.  Irvin,  40;  Adam  Adams, 
80;  John  Linderholm,  550;  J.  C.  Townley,  200;  C.  T.  Malmquist,  60; 
W.  S.  Strickland,  100;  George  McLain,  150;  George  Gray,  400;  Ber- 
nard Rice  Company,  205;  II.  Cordz,  300;  Paul  Jackets,  80;  McBride  <fc 
Lester,  100;  W.  S.  Moore,  100.;  L.  Pietsch,  170;  Longworth  &  Caylor, 
300;  Hudgins  Brothers,  450;  J.  M.  Everett,  140;  total,  3,890  acres. 

KL  (^AMPO  SYSTEMS. 

In  the  section  of  Wharton  County  west  of  the  Colorado  River,  along 
the  line  of  the  New  York,  Texas  and  Mexican  Railroad,  near  the  sta- 
tions of  Pierce,  El  (^ampo,  and  Louise,  more  well  plants  are  in  opera- 
tion than  in  anv  other  section  of  Texas.  Two  svstems  of  wells  are 
used,  the  shallow  and  the  deep.  The  sliallow  wells  are  all  of  one 
general  type.  A  pit,  rectangular  or  circular  in  cross  section,  is  exca- 
vated to  the  depth  to  which  the  water  will  rise,  and  in  the  bottom  of 
the  pit  one  or  more  wells  are  bored  through  or  into  the  water- tearing 
sand  or  gravel.  In  this  is  placed  the  screen.  The  pits  vary  in 
depth  from  10  to  19  feet,  and  the  wells  from  40  to  70  feet.  The  soil 
is  generally  black  and  sandy,  underlain  by  clay,  which  lies  over  the 
water-bearing  sand.  The  Milner  well,  a  mile  west  of  Pierce,  will 
serve  as  a  type  for  the  deep  wells.  This  well  is  180  feet  deep,  10-inch 
bore,  and  has  60  feet  of  screen.  The  log  shows  14  feet  of  black  soil, 
thick  stratum  of  red  clay,  6  feet  of  quicksand,  4  feet  of  clay,  16  feet 
of  coarse  sand  and  gravel,  and  three  thin  layers  of  clay  alternating 
with  thickei'  strata  of  sand  and  gravel.  This  well  and  its  compan- 
ion shallow  well  (both  in  the  same  pit)  (»onstitute  in  their  combined 
capacity  by  far  the  best  well  found  in  the  Texas  rice  belt.  One  of 
the  best  shallow-well  plants  found  in  this  section  is  that  of  Fred 
Blumquist,  li  miles  east  of  El  Campo,  which  is  described  later. 

A  few  typical  plant^s  are  here  described. 

Brunes  systevi. — The  plant  of  Chris.  Brunes  is  just  east  of  the 
I^eard  plant*.  It  consists  of  a  5- inch  Morris  pump  operated  by  a 
20-horsepower  Advance  traction  engine.  The  well  is  48  feet  deep, 
the  water  rising  to  within  10  feet  of  the  surface.     The  head  is  24  feet 
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and  tlie  eaimoity  estimated  at  800  gallons  a  niinuu».  The  engines, 
puui|>8,  belts,  etc.,  cost  $1,5(M».  Fifty  acTes  were  irrigate<l  in  IJMH, 
yielding  785  saeks,  commanding  ^i.W  a  sack. 

NortUn  system. — P.  H.  Xordin's  plant  is  2  miles  uortli  of  El 
Campo.  The  well  is  48  feet  deep,  the  water  being  20  feet  below  the 
surface.  lie  uses  a  20-horsepower  J.  I.  Case  traction  engine  and  a 
fi-inch  horizontal  centrifagal  pump.  The  capacity  is  estimated  to  be 
700  gallons  a  minute  under  a  head  of  21  feet.  The  engine  and  pumps 
cost  $1,350.     Fifty  acres  were  irrigated  in  lliOl,  yielding  413  sacks. 

Just  east  of  this  plant  is  the  plant  of  J.  B.  Carlson,  which  irrigated 
50  acres  of  rice  in  1900,  the  yield  being  350  sacks.  The  pit  of  the  well 
is  8  feet  in  diameter  and  25  feet  deep;  the  bored  part  of  the  well  is  27 
feet,  making  a  total  depth  of  52  feet.  The  pump,  a  6-inch  Van  Wie, 
is  in  the  bottom  of  the  pit,  and  has  a  lift  of  26  feet.  It  m  operated  by 
a  16-horaepower  Fairbanks  <fe  Morse  gasoline  engine.  A  test  made  at 
this  plant  shows  that  it  requires  46  gallins  of  gasoline  each  twenty- 
four  hours,  or  nearly  3  gallons  to  the  horsepower.  In  carload  lots 
the  gasoline  costs  12  cents  a  gallon,  delivered  at  El  Campo. 

A  second  pumping  plant  run  by  a  traction  engine  is  conducted  by 
Mr.  Carlson. 

Olesen  system, — Five  miles  north  of  El  Campo  is  the  rice  farm  of 
D.  Olesen.  The  well  is  52  feet  deep,  7  feet  in  diameter  for  25  feet  and 
bored  the  rest  of  the  way.  *  As  at  all  of  these  plants,  the  water  is  pure, 
fresh,  and  as  clear  as  crystal.  The  plant  consists  of  a  5-inch  Morris 
vertical  pump  and  a  20-horsepower  Advance  compound  traction 
engine,  and  cost  $1,500.  The  pumps  are  22  feet  below  the  surface  of 
the  ground,  giving  a  lift  of  27  feet.  The  estimated  capacity  is  750 
gallons  a  minute.  Thirty  acres  were  watered  in  1901,  the  yield  being 
150  sacks. 

Highee  system. — In  1901  R.  E.  Higbee  irrigated  98  acres  of  Hon- 
duras rice,  the  yield  being  1,500  sacks.  The  soil  is  a  black  hog- wallow. 
The  well  is  48  feet  deep,  the  water  rising  to  within  13  feet  of  the  sur- 
face. The  plant  is  1  mile  east  of  El  Campo  and  consists  of  a  6-incli 
Van  Wie  pump  and  a  25-horsepower  J.  1.  Case  engine.  The  lift  is 
17  feet,  and  the  capacity  estimated  at  from  1,200  to  1,5(K)  gallons  a 
minute. 

Berglund  system, — P.  E.  Berglund  uses  a  35-horsepower  Weber  gas- 
oline engine  and  a  6-inch  pump.  His  well  is  34  feet  deep,  the  water 
level  being  12  feet  below  the  surface.  The  rice  is  sowed  with  a  seeder 
attached  to  the  hind  gate  of  a  wagon.  Thirty -five  acres  were  irrigated 
in  1901,  the  yield  being  450  sacks. 

Blumquist  system. — One  and  one-half  miles  east  of  El  Campo  Fred 
Blumquist  irrigates  35  acres,  the  yield  in  1 901  being  741  sacks,  4  bushels 
to  the  sack.  He  sold  part  for  seed  rice  at  $3.25  to  $3.50  a  sack.  His 
pumps  are  in  a  pit  8  feet  by  10  feet.  The  well  is  bored  in  the  bottom 
of  the  pit  to  a  depth  of  30  feet,  making  the  total  depth  of  well  40  feet. 
The  pump  is  a  5-inch  Morris  horizontal  rotary  working  under  a  lift  of 
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15  feet,  and  tlie  engine  »  14-horsepower  Foos  jrasoline.     The  cost  of 
all  was  $970. 

Danielsen  system, — The  pump,  lift,  and  engine  of  A.  Danielsen  are 
similar  in  all  respects  to  those  of  Bhunquist.  Sixty  acres  were  irri- 
gated in  1902,  yielding  7()0  sacks,  which  sold  for  S3  a  sack. 

Emhrij  system. — The  farm  of  J.  R.  Embry  is  \\  miles  east  of  El 
Campo.  The  soil  is  a  black  hog- wallow.  Ninety  acres  of  rice  were 
irrigated  in  1901,  yielding  625  sacks.  The  pit  is  4  feet  by  16  feet  by 
6  feet  deep.  Two  8-inch  wells  were  bored  in  the  pit  to  a  dei)th  of  34 
feet,  making  a  total  depth  of  40  feet.  The  water  rises  to  the  bottom 
of  the  pit.  An  18-horsepower  gasoline  engine  runs  the  0-inch  Morris 
horizontal  rotary  pump  against  a  lift  of  8  feet. 

Schult  system. — Six  miles  east  of  El  Campo  Oscar  Shult  has  opened 
up  a  rice  farm  on  which  100  acres  of  rice  were  irrigated  in  1901, 
the  yield  being  858  sacks.  The  source  of  water  is  a  well  3!»  feet 
deep.  The  pit  is  8  feet  by  9  feet  by  9^  feet  deep.  The  bored  part  (3o 
feet)  is  14  inches  clear  diameter.  The  machinery  consists  of  an  18- 
horsepower  gasoline  engine  and  a  6-inch  Morris  horizontiil  rotary 
pump.  The  soil  is  a  black  hog-wallow,  and  both  the  Honduras  and 
the  Japan  rice  will  be  tried.  Fifty-five  pounds  of  Japan  (1^  bushels) 
and  1^  bushels  of  Honduras  were  sowed  to  the  acre. 

The  well  camps  around  El  Campo  are  all  similar,  the  greatest  varia- 
tion being  in  the  machinery  of  operation.  No  attempt  is  made  to  give 
the  individual  peculiarities  of  each  plant,  as  a  few  typical  [)lants  cover 
the  essential  features.  The  extent  of  the  well  system  tributary  to 
El  Campo  and  Pierce  is  shown  by  the  following  list:  ().  K.  Johnson,  153 
acres;  Oscar  Nelson,  60;  A.  Danielsen,  80;  Fred  Blumquist,  120;  A.  P. 
Olesen,  60;  R.  E.  Higbee,  70;  N.  Thompson,  200;  A.  Burglund,  50; 
T.  Rolf,  40;  Axel  Bard,  60;  J.  W.  Leech,  160;  W.  H.  Waugh,  100; 
J.  R.  Embry,  75;  Johnson  <fc  Jensen,  70;  OscAr  Schult,  250;  James 
Milner,  750;  P.  A.  E.  Nelson,  50;  A.  P.  Borden,  50;  N.  J.  Sunwall, 
50;  M.  Barnhardt,  25;  A.  P.  Borden,  50;  W.  S.  Wood  &  Co.,  300; 
Chris  Brunes,  105;  P.  H.  Nordin,  105;  Boehm  Brothers,  60;  J.  B.  Carl- 
son, 175;  Nelson  Brothers,  200;  Fritz  Bender,  60;  A.  E.  Carlson,  75; 
Woolsey,  120;  A.  S.  Thompson,  75;  O.  B.  Scroggins,  50;  W.  S.  Louis, 
75;  E.  G.  Sterner,  150;  L.  Cahn,  60;  John  Bacek,  30;  William  Neizer,  50; 
Frank  Garetzky,  50;  John  Wetzel,  50;  T.  A.  Hill,  120;  total,  4,200  acres. 

Louise  .sy.siems. — Near  Louise  station,  on  the  Texas  Mexican  Rail- 
road, over  1,200  acres  of  rice  were  sowed  in  1902,  but  of  the  seven 
plants  only  two  had  suflicient  water.  A  suctcessful  typical  well  here 
has  hardly  been  formed.  The  well  of  W.  G.  Davis  presented  some 
peculiarities.  At  96  feet  a  gi'anite-like  rock  was  encountei-ed,  and  the 
drill  cut  through  a  4-foot  layer  of  this,  making  the  well  100  feet  deep 
in  all.  The  suction  pipe  w^as  set  directly  on  toj3  of  this  rock,  and  no 
screen  was  used.  The  well  furnished  more  than  an  ample  supply  of 
clear,  fresh  water.  The  machinery  consists  of  a  22-horsepower  Foos 
gasoline  engine  and  a  6-inch  Morris  pump.     Sixty  acres  of  Japan  rice 
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were  irrigated  during  the  season  of  11K)2,  but  the  well  had  water  for 
double  this  ac'reiige.  The  following  is  a  list  of  the  plants  near  Louise, 
with  the  amount  of  riee  sowed:  W.  G.  Davis,  <iO  acres;  G.  W.  Bar- 
nett,  50;  Otto  Peterson,  40;  E.  M.  Clark,  400;  Saddler  &  Rome,  250; 
Saddler  &  Thomason,  200;  Saddler  <fc  Thomas,  240;  total,  1,240  acres. 
When  visited  in  July  the  only  plant>8  that  had  water  on  them  were 
the  Davis  and  the  Peterson,  and  it  is  very  probable  that  the  Louise 
plants  will  not  average  over  half  a  crop  this  year. 

JACKSON   COUNTY. 

Morifz  and  Mayfiekl  sijsteuis, — Near  Ganado,  just  over  the  line  in 
Jackson  County,  M.  P.  iMoritz  and  D.  H.  Mayfield  have  opened  up  rice 
farms  of  about  1(X)  acres  each.  The  former  uses  a  5-hor8epower  gaso- 
line engine  to  pump  from  a  well  56  feet  deep  with  20  feet  of  water- 
bearing sand.  It  is  estimated  that  in  a  dry  year  one  good  well  will 
irrigate  80  acres  of  rice.  The  Mayfield  plant  adjoins  that  of  Moritz, 
and  derives  its  water  from  a  well  67  feet  deep  with  30  feet  of  water- 
bearing sand. 

The  acreage  around  Ganado  in  1902  was  as  follows:  I).  H.  Mayfield, 
50;  N.  P.  Mauritz,  200;  A.  W.  Everitt,  50;  L.  Wanl,  75;  Hoquette^ 
60;  t<ital,  430  acres. 

COLORADO   RIVER  BELOW   WHARTON. 

Bay  Prairie  Irrigation  Company  system. — Eight  miles  below 
Wharton  and  surrounding  Lane  City  is  the  rice  farm  of  the  Bay 
Prairie  Irrigation  Company  (often  called  the  Lane  Company).  The 
pumping  plant  is  on  the  banks  of  Colorado  River,  from  which  it 
takes  its  water,  at  a  distance  of  1 6, 700  feet  from  the  de j)ot  at  Lane 
City.  There  were  two  pumping  plants  in  11)01,  but  it  is  intended  to 
add  a  third  in  order  to  bring  more  land  under  ditch.  When  com- 
pleted the  system  will  command  15,(.KX)  acres.  The  plant  at  the  river 
consists  of  two  Van  Wie  pumps  having  54-inch  discharge,  operated 
by  a  Bat^s-Corliss  engine  of  1,250  horsepower.  The  lift  is  33  feet,  and 
the  capacity  is  estimated  at  70,000  gallons  a  minute.  The  engineer, 
L.  E.  Beadle,  estimates  that  it  will  require  8  gallons  a  minute  for 
each  acre,  but  he  has  provided  for  emergencies  by  installing  pumps 
having  a  capacity  of  10  gallons  a  minute  for  each  acre.  There  are 
two  flumes,  one  at  the  river  and  the  other  across  Jarvis  Creek.  The 
former  is  5  feet  by  12  feet  by  182  feet  long,  while  the  latter,  which  is 
li  miles  from  the  river,  is  4  feet  by  20  feet  by  350  feet  long.  There 
are  1 1  miles  of  main  canals  120, 100,  and  80  feet  wide.  At  the  second 
lift  an  Atlas-Corliss  engine  of  200  horsepower  operates  a  24-inch  Van 
Wie  pump  estimated  to  have  a  capacity  of  30,000  gallons  a  minute 
under  the  lift  of  5  feet.  The  soil  is  black.  The  farm  lies  on  each 
side  of  the  Cane  Belt  Railroad.  The  w^ater  is  carried  under  the  tract 
by  a  terra  cotta  and  timber  invert.  The  plant,  exclusive  of  laud,  cost 
$125,000.  Six  thousand  five  hundivd  acres  were  irrigated  in  1901. 
It  is  intended  to  increase  this  in  1002  to  15,000  acres.     This  company 
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offers  the  most  liberal  terms  to  renters  of  any  irrigation  systems  exam- 
ined. It  furnishes  land,  water,  and  seed  for  thi^ee-sevenths  instead  of 
one-half  of  the  crop,  thus  giving  the  renter  an  advantage  of  G  percent. 
Since  writing  the  above  the  third  lift  has  been  added  and  the  plant 
at  the  second  lift  has  been  transferred  to  the  third  lift.  The  capacity 
of  the  river  plant  is  now  120,000  minute-gallons,  and  the  plant  at  the 
second  lift  consists  of  one  250-horsepower  engine,  operating  a  45-iiich 


Pig.  27.— Map  showing  irrigation  systems  in  Colorado  Valley  below  Wharton. 

centrifugal  i)ump  which  has  a  capacity  of  50,000  minute-gallons;  at 
the  third  lift,  a  2()0-horsepower  Atlas-Corliss  engine,  operating  a  24- 
inch  Van  Wie  pump,  which,  with  the  lift  of  3^^  feet,  has  a  capacity  of 
20,000  minute-gallons.  In  1902  there  were  under  the  first  lift  9,500 
acres,  under  the  second  5,000,  and  under  the  third  1,500,  making  a 
total  of  10,000  acres  under  canal,  and  15,000  acres  of  these  were  irri- 
gated (luring  the  current  season. 


DING   LEVEES   F 
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MATAGORDA   COUNTY. 

Near  Bay  City,  in  Matagorda  County,  ei^jht  large  i^onipauies  have 
opened  up  extensive  rice  farms.  The  Bay  City  Irrigation  Company, 
the  Nile  Valley  Company,  the  Colonwlo  Company,  the  Stewart,  the 
Sexton,  and  the  Matagorda  Riee  and  Irrigation  Compan}'  have  plants 
on  the  east  side  of  the  river,  while  the  Moore-Cortez,  the  Planters,  the 
Prairie  Bluff,  and  the  Trespalaeious  are  on  the  west  side,  as  shown 
by  fig.  27.  Not  only  is  heavy  machinery  used  in  pumping  the  water, 
but  the  hea\iest  traction  engines  are  used  both  in  making  the  levees 
and  in  plowing  the  land.  One  traction  engine  of  30  horsejwwer,  with 
its  plows,  can  break  up  2  acres  per  hour.  PI.  VIII,  A  and  B^  sljows 
the  methods  of  levee  making  and  steam  plowing. 

Moore-Cortez  Canal  Company  system. — The  Moore-CorU»z  Canal 
Comi>any  installed  for  the  season  of  1901  a  large  plant  about  6  miles 
from  Bay  City.  They  own  and  control  20,000  acres  of  land,  and  have 
located  their  pumps  on  a  small  lake.  The  plant  consists  of  one  'KK)- 
horsepower  Vilter-Corliss  engine,  operating  an  Ivens  centrifugal  pump 
having  two  30-inch  suction  pipes,  and  an  estimated  capacity  of  5(),00() 
gallons  a  minute  (124  second-feet)  under  a  lift  of  12  feet.  The  main 
canal  is  7  miles  long  and  100  feet  wide.  The  length  of  the  main  lat- 
erals is  10  miles  and  the  width  40  feet.  The  whole  plant,  exclusive 
of  land,  cost  $50,000.  Five  thousand  five  hundred  acres  were  irri- 
gated in  1901,  yielding  10  sacks  to  the  acre,  selling  for  from  $2.50  to 
$4.50  a  sack.  For  the  part  of  the  land  that  is  rented  the  company 
charges  one- fifth  of  the  crop  for  land  rent  and  one-fifth  for  water.  In 
1902  10,000  acres  were  irrigated. 

Bay  City  Irrigation  Com^pany  system, — The  pumping  station  of 
the  Bay  City  Irrigation  Company  (Victor  La  Tulle,  manager)  is  3 
miles  north  of  Bay  City  and  takes  water  from  a  lake  connected  with 
Colorado  River.  The  plant  consists  of  two  24-inch  Morris  pumps  and 
two  140-hor8epower  Erie  City  engines.  The  capacity  is  50,000  gallons 
a  minute  (111  second-feet)  under  a  head  of  12  feet.  The  water  is 
delivered  into  a  flume  3  feet  by  12  feet  100  feet  long.  There  are  7 
miles  of  main  canals,  125  feet  from  center  to  center  of  embankments. 
The  cost  of  the  plant,  exclusive  of  land,  was  <530,(KK).  The  soil  is  a 
black  hog-wallow  with  a  slight  admixture  of  sand.  The  plant  was 
oi>erated  for  the  first  time  in  1901,  when  4,0(X)  acres  of  rice  were  irri- 
gated, pi-oducing  10  sacks  to  the  acre.  This  plant  watered  5,000 
acres  in  1902. 

Matagorda  Company  system. — Adjoining  the  lands  of  the  Bay  City 
Company  are  those  of  the  Matagorda  Company.  I^he  pumping  plant 
is  2  miles  northwest  of  Bay  City,  and  consists  of  one  30()-horsepower 
Greenwold  engine  and  one  100-horsepower  Nagle  engine.  There  are 
two  Worthington  pumps  and  one  Menge  pump.  The  discharge  pipes 
of  the  Worthington  pumps  are  20  inches  by  40  inches,  while  the 
Menge  pump  discharges  through  a  penstock  6  by  6  feet.  The  joint 
capacity  of  the  former  is  04,000  gallons  a  minute  and  of  the  latter 
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22,000  gallons  a  minute,  or  a  total  of  86,000  gallons  (101  seoon<l-feot), 
under  a  lift  of  08  feet.  It  is  to  be  remarked  that  this  is  about  equal 
to  the  lowest"  flow  of  Colorado  River  at  Austin.  The  total  cost  of  the 
plant,  exclusive  of  land,  was  about  $55,000.  The  plant  was  used  to 
irrigate  540  acres  of  land  in  1900,  the  yield  being  12  sacks  to  the  a<jre, 
which  commanded  *3.G0  a  sack,  net.  In  1002  the  acreage  w^as 
increased  to  9,000  acres. 

Colorado  Company  system, — Near  the  Matagorda  plant  is  that  of 
the  Colorado  Canal  Company.  This  plant  is  located  on  an  int4ike 
connecting  with  a  lake,  which  in  turn  at  certain  stages  of  the  river 
connects  with  it.  The  machinery  consists  of  a  Murray  Brothers  2(X)- 
horeepower  compound  condensing  engine  and  a  Connersvillo  blower 
pump,  with  discharge  pipe  32  by  1)0  inches.  The  lift  varies  from  8  to 
12  feet,  depending  upon  the  stages  of  the  river  and  lake.  It  requires 
20  barrels  of  Beaumont  oil  per  day,  which  costs  at  Bay  City  43  cents 
per  barrel,  making  a  total  cost  of  18.60  per  day  for  fuel.  The  capacity 
of  the  plant  is  50,000  minute-gallons.  During  the  present  seassou 
5,300  acres  were  irrigated. 

Nile  Valley  system, — The  Nile  Valley  plant  is  on  the  banks  of  the 
Colorado  River,  less  than  one-fourth  mile  from  that  of  the  Colorado 
Company.  This  plant  takes  its  water  directly  from  the  Colorado 
River  one-half  mile  above  the  head  of  the  famous  raft.  Two  80-horse- 
power  duplex  engines  operate  the  two  30-inch  Morris  pumps  against 
the  maximum  lift  of  8  feet.  The  canal  of  this  company  forms  a  levee 
and  serves  to  protect  Bay  City  and  the  lands  below.  Twenty-two 
barrels  of  Beaumont  oil  are  used  per  day.  In  1900  2,500  acres  were 
irrigated  from  this  canal.  PI.  IX,  ^,  is  a  view  of  the  pumping  plant 
at  the  Nile  Valley  plant. 

Stewart  system, — At  the  Stewart  canal  an  80-horsepower  engine 
operates  a  24-inch  Morris  jjump  against  a  maximum  lift  of  21  feet. 
In  1902  1,700  acres  were  irrigated  by  this  canal. 

Sexton  system. — The  Sexton  plant  uses  a  simple  80-horsepower 
Greenwald  engine  and  a  Menge  pump  under  a  lift  varying  from  IS  to 
20  feet.  This  plant  irrigated  only  500  acres  this  season.  On  the 
west  bank  of  the  Colorado  River  two  new  plants  have  been  projecteil, 
the  Trespalacious  and  the  Planters.  The  former  is  below  Bay  City, 
while  the  latter  takes  its  water  from  below  the  Moore-Cortes  puuiping 
plant,  but  its  c^inal  crosses  that  of  the  Moore-Cortes  Company  and 
irrigates  land  above.  The  Planters  Canal  Company  was  late  in  start- 
ing, and  only  950  acres  were  irrigated  in  1902.  The  Prairie  Bluff 
Rice  Company  has  located  its  canal  on  Blue  Creek  above  the  Moore- 
Cortes  and  the  Planters  canals.  It  also  was  late  in  starting,  and 
during  the  current  season  irrigated  350  acres  of  rice. 

Summary  of  Matagorda  plants. — Following  is  a  summary  of  the 
Matagorda  County  plants:  Bay  Citj^  Irrigation  Company,  5,(XX)  acres; 
Matagorda  County  Rice  Company,  9,000;  Colorado  Company,  5,3lK); 
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Nile  Valley  Company,  2,500;  Stewart  Canal  Company,  1,7(X);  Sexton 
Canal  Company,  500;  Prairie  Blrtff,  350;  Moore-Cortes,  10,000;  Plant- 
ers Canal  Company,  950;  S.  J.  Cleveland,  160  acres;  total,  35,460 
acres. 

GUADALUPE   RIVER. 
DEWnr  CX>UNTY. 

The  only  water-power  plant  in  Texas  that  irrigates  rice  is  that  of 
Otto  Buchel,  3  miles  north  of  Cuero.  A  masonry  dam  across  the 
Guadalupe  River  produces  an  effective  head  of  10  feet.  This  is  one 
of  the  most  substantial  dams  in  Texas,  and  it  cost,  with  its  equip- 
ment, 1100,000.  The  power  is  generated  by  54-inch  turbines,  which 
operate  the  pumps  to  raise  water  into  an  adjacent  reservoir.  An 
auxiliary  steam  plant  of  400  horsepower  is  used  for  supplementing 
the  energy  generated  by  the  water  plant.  This  plant  furnishes  power 
for  three  rice  farms — Mr.  Buchel's,  Schleicher  &  Crouch's,  and  Rath- 
bone  and  Wofford's.  The  farm  of  Schleicher  <fe  Crouch  is  above  that 
of  Buchel  and  on  the  east  side  of  the  river.  The  power  for  operating 
the  pumps  is  transmitted  electrically  from  the  Buchel  power  plant. 
The  farm  of  Rathbone  &  Wofford  is  on  the  west  side  of  the  river,  and 
also  receives  its  power  by  electric  transmission  from  the  Buchel 
plant.     In  all,  750  acres  of  rice  were  irrigated  at  these  farms  in  11)02. 

VICTORIA  COUNTY. 

The  plant  of  the  Victoria  Rice  and  Irrigation  Company  is  located 
10  miles  south  of  Victoria,  and  takes  its  water  from  the  Guadalup^^ 
On  the  east  side,  at  the  first  lift  on  the  river,  there  are  two  235-horse- 
power  Brownell  engines  operating  the  pumps  against  a  lift  of  22  feet. 
The  river  plant  delivers  the  water  into  a  flume  1,400  feet  long,  and 
this  empties  into  a  reservoir  24  bj'  125  feet  by  9  feet  deep.  The  second 
lift  is  4H  feet,  and  two  o25-horse power  Corliss  engines  operate  the 
pumps.  The  second  flume  is  400  feet  long  and  delivers  the  water  into 
the  main  canal.  There  are  5  mUes  of  100-foot  canals,  2  miles  of  75- 
foot  laterals,  and  2  miles  of  GO- foot  laterals.  The  highest  point  of 
land  to  be  irrigated  is  02  feet  above  the  ordinary  water  level  of  the 
river,  and  there  is  a  fall  of  18  inches  from  the  second  lift  to  this  high- 
est land.  In  1902  2,700  acres  were  irrigated.  Wood  is  used  as  fuel 
at  present,  but  it  is  the  intention  to  substitute  Beaumont  oil  soon, 
transporting  it  down  the  canal  by  boat  to  the  plants. 

Four  miles  west  of  Victoria  Harry  Rathbone  has  60  acres  in  Japan 
rice  this  season.  He  derives  the  water  from  Pridhams  Lake,  and  a 
6-horsepower  engine  operates  the  5-inch  centrifugal  pump  under  a  lift 
of  8  feet.  The  soil  is  sandy  river  bottom.  Twelve  miles  above  Vic- 
toria John  T.  Rusk  has  a  well-plant  rice  farm,  but  lateness  in  obtain- 
ing water  renders  its  acreage  doubtful  for  this  season. 
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BROWNSVILLE  IRRIGATION  SYSTEM. 

The  center  of  rice  culture  in  Texas  takes  its  way  considerably  west- 
ward for  1902,  on  account  of  the  big  irrigation  system  near  Brownsville, 
on  the  Lower  Rio  Grande.  During  1901  this  system  was  experimental, 
consisting  of  the  machinery  of  an  unused  irrigation  plant.  The  experi- 
ment was  so  successful,  however,  that  the  company,  the  Bi-ownsville 
Land  and  Irrigation  Company  (W.  M.  Ratcliff,  manager),  has  made 
plans  to  extend  the  system  on  a  large  scale,  at  a  cost  of  $250,000.  The 
plant  is  5i  miles  below  Brownsville.  Rice,  sugar,  and  cotton  will  be 
raised  by  irrigation.  The  plant  now  consists  of  one  SOO-horsepower 
Chandler  <fc  Taylor  engine  and  an  Ivens  centrifugal  pump,  having  28- 
inch  suction  and  24-inch  discharge  pipes,  and  an  estimated  capacity  of 
80  second-feet  under  the  lift  of  11^  feet.  The  horsepower  of  the  en- 
gine, if  actual,  ought  to  treble  this  discharge.  The  water  is  first  pumped 
into  a  flume  3  feet  by  18  feet  by  40  feet  long,  and  then  is  delivered  into 
the  canals.  The  main  canal  is  12  miles  long  and  120  feet  wide,  and  there 
are  16  miles  of  laterals  100  feet  wide.    The  fuel  used  is  mesquit-e  wood. 

AREA  DEVOTED  TO  RICE  CULTURE.  BY  COUNTIES. 

Acres.  Acres. 

Jefferson 44,380  ,  Cameron 3,000 

Matagorda _   ..     35. 460  1  Victoria 2,770 

Wharton 23,600     Austin 1,220 

Liberty 16,200  I  Galveston 800 

Colorado 11, 4o0  |  Washington    _.. 780 

Orange .   10,850  |  Dewitt 750 

Harris 9,100  1  Jackson 430 

Chambers 9,000  |  Waller 400 

Fort  Bend 8, 830  

Brazoria 3,150  !  Total 183,170 

PROPOSED  PLANTS. 

In  addition  to  the  systems  described  above  there  will  be  several 
big  plants  operating  in  1903.  The  Treadway  Canal  Company  will 
take  its  water  from  the  Neches  River  8  miles  northwest  of  Beaumont 
and  irrigate  land  on  each  side  of  the  Southern  Pacific  Railroad.  It 
is  contemplated  to  bring  25,000  acres  in  cultivation  by  this  canal. 
The  canals  are  already  under  construction. 

The  Texas  Land  and  Irrigation  Company  is  installing  a  plant  to 
take  its  water  from  the  Brazos  River  northeast  of  Wallis.  Its  canal, 
already  under  construction,  will  extend  in  a  southerly  direction,  and 
it  is  intended  to  bring  the  land  between  Wallis,  Rosenberg,  and 
East  l^ernard  under  canal. 

The  Illinois  Irrigation  Company  proposes  to  take  out  a  canal  from 
the  Brazos  River  north  of  Sealy,  near  San  Felipe,  and  irrigate  lands 
north  and  south  of  Sealy. 

The  San  Jacinto  Rice  and  Irrigation  Company  expects  to  put  in  a 
plant  on  the  San  Jacinto  River  east  of  Houston  in  1903. 

The  Wallace-Radford  Company  intends  to  irrigate  lands  east  of 
Eagle  Lake  by  a  canal  system  to  take  water  from  Colorado  River. 


APPENDIX. 


The  following  statement  of  the  Texas  laws  pertaining  to  irrigation 
was  prepared  by  Judge  John  C.  Townes,  professor  of  law  in  the 
University  of  Texas : 

A  water  conrse,  as  the  wordB  are  used  in  this  connection,  has  heen  defined  as 
"  a  stream  nsoally  flowing  in  a  particular  direction,  though  it  need  not  flow  con- 
tinnaUy.  It  may  sometimes  be  dry.  It  must  flow  in  a  definite  channel  having  a 
a  bed,  sides,  or  banks,  and  usually  discharges  itself  into  some  other  stream  or 
body  of  water."    27  Wis.,  eel.   Coolby  Torts,  2«. 

It  will  be  observed  that  the  water  supply  need  not  be  sufficient  to  cause  the 
stream  to  flow  all  the  time.  It  must  flow  habitually,  though  not  necessarily 
nnintermptedly.  There  must  be  a  definite  channel;  that  is,  a  bed  or  place 
where  the  water  passes  along  over  the  same  depression  or  lower  surface,  which 
is  bounded  or  Ihnited  by  ascertained  and  definite  sides  or  banks.  When  these 
things  occur,  the  water  thus  confined  and  seeking  a  regular  outlet  is  a  water 
conrse  or  stream.  Water  standing  in  a  depression  and  not  flowing  is  not  a  stream. 
Water  flowing  not  in  a  defined  channel,  as  surface  water  after  a  rain,  is  not  a 
stream.  In  our  changeable  climate  it  is  sometimes  difficult  to  determine  the 
question  as  a  fact  regarding  any  particular  body  of  water.  Sometimes  there  is  a 
well-defined  channel,  but  no  w;ater  except  immediately  after  rains:  again  there 
are  channels  down  which  water  flows  frequently,  but  not  continuously.  How 
often  it  is  to  run  and  how  long  during  the  year  must  be  answered  from  the  facts 
in  each  case.  If  there  is  a  well-defined  channel  down  which  water  passes  usually — 
habitually — it  is  enough,  though  it  may  sometimes  be  dry.  If,  however,  it  is 
nsnally  dry,  with  water  flowing  in  it  only  occasionally,  it  is  not  a  stream. 

The  water  passing  in  these  streams  is  not  owned  by  anyone.  The  proprietors 
of  the  land  crossed  by  or  bordering  on  the  stream  have  legal  rights  in  its  use.  but 
have  no  proiierty  in  the  water  itself.  These  rights,  like  all  others,  have  their  cor- 
relative duties,  and  the  proprietors  of  the  several  estates  must  have  regard  at  all 
times  to  the  obligations  under  which  each  rests  toward  the  other.  All  persons 
who  own  land  along  a  stream  are  coproprietors  in  its  use.  These  uses  are  of  two 
kinds— domestic  or  natural  on  the  one  hand,  and  artificial  or  commercial  on  the 
other  hand.  As  to  the  first,  the  right  of  use  is  very  extensive,  and  the  proprietor 
who  first  gets  ac<;ess  to  the  water  lawfully  may  completely  exhaust  it  in  these 
natural  or  domestic  uses  without  incurring  liability  in  so  doing.  It  is  not  so  with 
the  second — the  artificial  or  commercial  use.  Here  no  one  has  an  exclusive  privi- 
lege. The  upper  proprietor  can  use  it  for  these  purposes  provided  that  after  this 
use  he  permits  it  to  leave  his  land  at  the  same  place,  in  the  same  (quantity,  and  of 
the  same  quality  that  it  would  have  but  for  such  use. 

It  is  apparent  that  the  rights  and  liabilities  of  the  parties  vary  greatly  as  the 
r.ite  made  of  the  water  is  of  the  one  or  the  other  class.  It  therefore  becomes 
important  to  understand  what  uses  fall  In  each  class.  Domestic  or  natural  pur- 
poses embrace  drinking  purposes  for  one's  family  and  his  own  domestic  animals. 
culinar>'  purposes,  and  washing,  and  all  the  uses  about  one's  premises  necessary 
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to  sustain  life.  Artificial  or  commercial  rises  are  all  those  in  which  water  is  not 
used  directly  to  sustain  life  or  to  give  comfort,  but  is  a  means  of  pecuniary  profit 
or  indirect  means  of  comfort.  This  seems  to  be  the  line  of  separation.  It  works 
out  different  results  in  different  localities.  It  seems  to  be  considered  everywhere 
that  the  uses  mentioned  under  the  head  of  domestic  purposes  are  such,  and  that 
for  any  of  these  purposes  the  upper  proprietor  or  the  one  first  getting  lawful  access 
to  the  water  may  use  it  to  the  entire  exhaustion  of  the  supply. 
The  following  are  the  decisions  of  the  supreme  court  of  Texas: 

KLBM ING    L'.  DAVIS,  37  TBX.,  173;    APPKAL  FROM  BAN  SABA  COUNTY,  1872. 

Syllabus  2, — Irrigation  of  land,  however  beneficial  in  some  portions  of  this  State, 
is  not  one  of  the  natural  wants  which  will  justify  the  owner  of  a  head  spring  in 
exhausting  the  water  which  flows  from  it,  to  the  injury  of  proprietors  lower  down 
on  the  natural  channel  of  the  stream.  The  maxim  «tc  utere  tuo  ut  alienum  non 
loedas  applies.  The  case  of  ToUe  i\  Correth,  31  Tex.,  362,  is  not  understood  to 
have  decided  a  contrary  doctrine. 

Syllabus  S. — In  the  distribution  of  the  water  of  a  natural  stream  among  the 
riparian  proprietors  the  principles  of  the  common  law  furnish  the  only  rules 
judicially  known  in  this  State;  and  a  suit,  it  seems,  can  not  be  sustained  to  par- 
tition a  natural  stream  among  riparian  proprietors  by  allotting  to  each  a  sx)ecified 
time  to  appropriate  its  waters. 

BAKEK  r.   BKOWN,  55  TEX.,  377;  APPEAL  FROM  SAN  SABA  COUNTY,  1881. 

Syllabus  J. — The  right  to  use  water  for  purposes  of  irrigation,  when  its  use  is 
not  indispensable,  but  is  resorted  to  for  the  purpose  of  increasing  the  products  of 
the  soil,  must  be  subordinate  to  the  right  of  a  coproprietor  to  supply  his  natural 
wants  and  those  of  his  family,  tenants,  and  stock,  by  using  the  water  for  neces- 
sary and  domestic  purposes. 

Syllabus  -2:  Liviitations;  riparian  rights, — The  rights  of  a  rii)arian  proprietor 
to  the  use  of  the  water  may  be  restricted  or  lost  by  grant  or  by  prescription,  under 
such  adverse,  continuous,  uninterrupted  user  and  occupation  by  another  as  would, 
by  analogy  to  the  statute  of  limitations,  bar  the  right  of  entry  upon  lands.  Ten 
years'  use  and  occupation  would  in  Texas  be  the  period  of  prescription. 

MUD  CREEK   IRRIGATION  CO.  V.  VIVIAN,  74  TEX.,  171;  APPEAL  FROM  KINNRY  COUNTY,  18K9. 

Syllabus  1:  Irrigation  corporatioiis. — An  irrigation  company  chartered  under 
general  law  and  whose  charter  designates  the  locality  of  its  canals  acquires  thereby 
no  exclusive  right  to  the  use  of  the  waters  of  a  flowing  stream  on  which  it  depends 
for  its  supply.  By  virtue  of  the  charter  of  its  incorporation,  which  authorized  the 
acquisition  by  gift,  purchase,  or  condemnation  of  all  property  necessary  to  the 
irrigation  enterprise,  it  secured  the  right  to  obtain  in  the  manner  designated  the 
privilege  of  using  the  water  of  a  stream,  but  the  charter  did  not  propria  vigore 
confer  that  right  in  the  absence  of  a  purchase,  gift,  or  condemnation. 

Syllabus  2:  Constitutional  law. — The  legislature  can  not  destroy  or  impair  the 
vested  rights  of  a  riparian  proprietor  by  conferring  a  si)ecial  privilege  on  an  irri- 
gation company  without  i)roviding  for  the  payment  of  a  just  compensation. 

Syllabus  3:  Riparian  proprietors;  irrigation  eases  reviewed. — ToUe  v.  Correth, 
31  Tex.,  365,  and  Fleming  v.  Davis,  37  Tex..  173,  reviewed,  and  the  doctrine 
announced  that  a  riparian  proprietor  has  the  right  to  divert  water  flowing  along 
or  through  his  land  to  puriK)ses  of  irrigation,  although  the  effect  of  such  \ise  is  to 
leave  to  a  riparian  proprietor  on  the  stream  lielow  him  a  supply  of  water  insuf- 
ficient for  irrigation.  No  opinion  is  expressed  as  to  whether  water  can  be  used 
by  a  riparian  proprietor  for  irrigation  so  as  to  render  insufficient  the  supply  for 
ordinary  use  to  those  owning  land  lower  down  the  stream. 
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Syllabtis  4:  Prescription. — A  preacriptive  right  to  use  water  for  irrigation  will 
be  ac^qoired  by  the  nnintermpted  use  of  the  water  for  such  purpose  nnder  a  claim 
of  right.  Bnt  this  right  can  only  be  enforced  against  riparian  proprietors  on  the 
stream  below  when  the  water  has  been  continnonsly  nsed  for  ten  years  nnder  a 
claim  of  right.  It  can  not  be  asserted  against  a  riparian  proprietor  by  or  through 
whose  land  the  water  flowed  before  it  reached  the  i)oint  below  where  it  is  appro- 
priated by  the  one  claiming  the  prescriptive  right. 

Syllabus  5:  Presumption  of  grant. — The  presumption  of  a  grant  from  long  con- 
dnued  enjo3rment  can  exist  only  as  against  those  who  might  have  prevented  or 
interrupted  the  use  of  the  subject  of  the  supposed  grant. 

In  rendering  the  opinion  in  this  case,  Judge  Gaines  said: 

"It  is  true  that  the  act  of  March  10,  1875,  provides  that  *  any  ♦  ♦  *  canal 
company  shall  have  the  free  use  of  the  waters  and  streams  of  the  State,*  but  the 
provisions  of  that  act  applied  as  well  to  ordinary  companies  as  to  corporations. 
Laws.  2d  sess.,  14th  Leg.,  77.  Besides,  we  are  of  the  opinion  that  the  provision 
could  be  held  only  to  apply  to  streams  upon  the  public  lands  of  the  State,  since  the 
legislature  had  no  power  to  take  away  or  impair  the  vested  rights  of  riparian 
owners  without  providing  for  the  payment  of  a  just  compensation.  If  the  defend- 
ants or  the  owners  of  the  land  along  the  stream  in  controversy  bad  the  right  to 
use  the  water  for  the  purpose  of  irrigating  their  lands,  that  light  remained  unaf- 
fected by  the  plaintiff's  incorx)oration  or  by  the  legislation  of  the  State  passed  for 
the  encouragement  of  irrigation.  It  seems  to  be  the  rule  of  the  common  law  that 
a  riparian  owner  has  no  right  to  use  the  water  of  the  stream  for  irrigating  his 
lands,  provided  it  interferes  with  the  uses  of  the  water  by  those  who  own  the 
lands  upon  the  stream  below.  That  this  is  a  proper  rule  in  England  and  in  those 
States  where  the  rainfall  is  sufficient  for  the  purposes  of  agriculture  we  freely 
amcede.  bnt  we  are  of  opinion  that  in  those  sections  where  irrigation  is  necessary 
to  the  successful  pursuit  of  farming  it  should  not  apply.  What  is  not  a  neces- 
sary use  in  the  one  case  becomes  necessary  in  the  other.  Evanc  \\  Merriweather, 
3  Scam.  (Dl.),  496.  It  was  so  held  in  Tolle  i\  Correth,  31  Texas,  :?6").  and  though 
this  decision  was  criticised  in  the  subsequent  case,  Fleming  r.  Davis.  37  Texas, 
173.  we  are  of  the  opinion  that  it  recognizes  a  correct  rule  of  law  as  applied  to 
the  present  case. 

•*  We  think  it  a  matter  of  common  knowledge  that  there  are  portions  of  onr 
State  where  the  business  of  agriculture  can  not  be  successfully  prosecuted  through 
successive  years  except  by  irrigation,  and  it  is  to  be  inferred  from  the  allegations 
of  the  x>etition  that  the  section  where  the  stream  in  controversy  is  situated  is  of 
that  character.  We  think,  therefore,  that  the  defendants  had  the  right  to  divert 
the  water  which  flowed  in  the  stream  along  or  through  their  lands  for  the  purpose 
of  irrigating  them,  although  the  effect  of  such  use  was  to  leave  the  plaintiff  cor- 
poration an  insufficient  supply  for  the  same  purpose.  Whether  they  had  the  right 
to  divert  the  whole  of  it  and  leave  an  insufficient  supply  for  the  ordinary  use  of 
the  lower  riparian  ov^ners  we  need  not  in  this  case  determine.*' 

From  these  cases  it  is  clear  that  the  purposes  named  above  as  domestic  are 
regarded  as  such  in  this  State,  and  that  irrigation  ordinarily  is  not  such  a  use, 
but  that  if  in  any  particular  locality  the  business  of  agriculture  can  not  be  suc- 
cessfully prosecuted  through  successive  years  except  by  irrigation,  such  use  in 
such  locality  may  be  regarded  as  domestic,  in  a  qualified  sense;  that  is,  so  far  as 
to  give  the  right  to  so  use  the  water,  even  though  it  may  deprive  lower  proprie- 
tors of  the  opportunity  of  similar  use,  though  this  can  not  he  done  to  the  extent 
(jf  cutting  off  the  supply  for  drinking  water,  household  purposes,  or  for  stock. 
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A.  PftK*?- 

Adams,  Adam,  area  irrigated  by 116 

irrigation  plant  of 112-113 

Adams  Bayou,  rice  cultivation  on  •. U8 

Alamo  Creek,  ditches  along 30 

Alamo  Madre  ditch,  history  of 52 

Aldridge,  Hal,  area  irrigated  by J»7 

Alfalfa,  prices  obtained  for 25J 

Algoa,  rice  cultiyation  near 102 

Alice,  irrigation  on  King  rauoh  near ....  tiO 

Alkali,  impregnation  of  hoII  with 23 

Allen,  J.  A.,  irrigation  plant  of 45 

Altair,  rice  irrigation  near 110 

Alvin,  rice  cultivation  near 102 

Angleton,  rice  cultivation  near 108 

Areola  Junction,  rice  cultivation  near  . .  105 

Armstrong,  O.  R.,  irrigation  plant  of  —  44 

Arocha  Spring  Creek,  irrigation  from  ...  21 
Artesian  wells,  irrigation  from,  in  and 

near  San  Antonio 54-&6 

Austin  County,  rice  cultivation  in 108-104 

rice  culture  in,  area  devoted  to. 124 

B. 

Bacek,  John,  area  irrigated  by IIH 

Baker,  Oeorge,  irrigation  plant  of 3H 

Baker  Brothers,  wiell  plant  of Ill 

Bailey  Creek,  irrigation  from 46 

^Idwin,   Henry,  irrigation  plant  con- 

structedby 49 

Baldwin,  J.  A.,  irrigation  plant  of 48 

Ball,  Antonio,  springs  in  section  owned 

by 15 

Ball,  Tom,  irrigation  plant  of 30 

Bandera  County,  irrigation  in 41-42 

Bard,  Axel,  area  irrigated  by 118 

Bardhardt,  M.,  area  irrigated  by 118 

Barksdale,  irrigation  near 39,40-41 

Barnet  Spring,  irrigation  from 38 

Bamet t,  G .  W .,  rice  cultivation  by 1 10 

Barrett,  C  C,  irrigation  plant  of 48-49 

Barstow,  Irrigation  near 23 

Bartel,  A.  H.,  irrigation  plant  of lOtt-107 

Bastrop  Bayou,  irrigation  from 106 

Batesville,  irrigation  near 67 

Bay  City,  rice  cultivation  near 121 

rice  planting  near,  plate  showing  en- 
gines breaking  sod  for 120 

Bay  City  Irrigation  Company,  area  irri- 

gatedby 122 

plant  of 121 

Bay  Prairie  Irrigation  Company,  plant 

of 119-120 

IRR  71—02 9 
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Baze  irrigating  ditch,  features  of .       74 

Bear  Bayou,  rict*  cultivation  on 101 

Bear  ( Yeek,  irrigation  from    49-51 

Beard,  rice  (cultivation  near 104 

Beaumont  Irrigation  C\)rapany,  fai'm  of, 

map  Mho  wing  Irx-ation  of 86 

flume  <jf,  elevation  and  section  «>f  -  . .        94 

ri<*e  cultivation  by 94-96 

Beaumont  nection,  land  in.  <*haracter  and 

f'xtentof. 82 

rice  irrigation  systems  in H6-102 

map  showing H6. 87 

Bee  County,  irrigation  in 59-60 

Bee  Star  gardens,  irrigation  plant  of  . .  .  59 
Beeville,  irrigation  plants  in  and  near  .  .  59-60 
Beeville    iiTigatvd    gardens,    irrigation 

plant  of - .       59 

Begg,  Oeorge,  irrigation  plant  of 75-76 

Bell  County,  irrigation  in 76 

Bender.  Fritz,  an-a  Irrigated  >)y  1 18 

Bent  J.  A.,  well  plant  of 105 

Berglund.  P.  E..  rice  cultivation  by 117 

Bering,  C.  L.  andC.H..  rice  cultivation  by       101 

Bering,  Conrad,  rice  culti vati<m  by 101 

Bernard  Ricp  Company,  area  irrigated  by .      116 

plant  of 115 

Berry  Brothers,  area  iiTigated  by Ill 

Bexar  County,  irrigation  in 51  -58, H 

Big  Bend,  irrigation  systems  in 19-21 

land  along  Rio  Grande  in.rharacter  of .       19 

Bigham  Brothers,  rice  cultivation  by 91-92 

Bismarck  ditch,  irrigation  by  . .  •. 72 

Black  Place,  irrigation  of 48-49 

Blanchard,  L.  F.,  irrigation  plant  of 77 

Bluffton,  irrigationat 76 

Blumquist,  Fred,  rice  irrigation  by 117-118 

Boehm  Brothers,  area  irrigated  by 118 

Bone,  E.  D.,  area  irrigated  by Ill 

Boquette, ,  rice  cultivation  by 119 

BoquiUas,  irrigation  systems  near 80 

Borden,  A.  P.,  area  ii*rigated  by 118 

Brackett,  irrigation  systems  near 28-30 

Brady,  T.  F.,  irrigation  plant  of 55 

Brandon  Brothers,  rice  irrigation  by —  110 
Brazoria  County,  rice  cultivation  in.  .  105-107 

rice  culture  in,  area  devoted  to 124 

Brazoria  Rice  and  Irrigation  Company, 

plant  of 105 

Brazos  Canal  Company,  pumping  plant 

of 106 

Brazos  River,  irrigation  near 80-82 

rice  cultivation  along 82 

rice  irrigation  from 105 

129 
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Brazofl  Valley  Hection,  rice   oultivation 

in 1(13-107 

Brenbam,  rice  cultivation  near lUB 

Brewster  County,  irrigation  systems  in. .        20 

Brogado,  irrigation  near 1< 

Brw>ks,  S.  J.,  irrigation  plant  of 77 

Brown,  B.  H.,  irrigation  plant  of 57-^')H 

Brown  &  Son,  rice  (uiltivation  by 99 

Brown  Oounty,  irrigation  plants  in 74-75 

Brownsville,  iiTigation  systems  at  and 

near (»-70 

rice  cultivation  near 124 

Brownsville  Land  and  ItTigatiou  Com- 
pany, plant  of 124 

Brown  wood,  irrigation  plants  near 74-75 

Bruemmen,  W.,  irrigation  plant  of 61 

Brulay,  George,  irrigation  plant  of 69 

Brunes,  Chris.,  area  irrigated  by 118 

well  plant  of 116-117 

Buchanan,  J.  P.,  rice  cultivation  by 108 

Buchanan,  W.  E.,  rice  cultivation  by lOli 

Buchel,  Otto,  irrigation  plant  of 121^ 

Buffalo  Bayou,  rice  irrigation  from 101 

Bugbee,  L.  G.,  acknowledgments  to 13 

Bullard,  J.  B.,  inigation  plant  of 44 

Burglund,  A.,  area  irrigated  by 1 18 

Burnet  County,  irrigation  in 76 

Burr,  O.  A.  V.,  irrigation  plant  of 41 

Burrows, ,  area  irrigated  by 97 

Butler,  W.  P. ,  irrigation  plant  of 63 

Byers's  vineyard,  dam  at,  features  of 30 

C. 

Oabaniss,  J.  E.,  well  plant  of 101 

Cahn,  L.,  area  irrigated  by 118 

Cajac  Creek,  irrigation  from 46-47 

Cameron,  irrigation  near 77 

Cameron  &  McClure,  farm  of,  map  show- 
ing location  of S6 

rice  cultivation  by 93 

Cameron  County,  irrigation  in 68, 89-70 

rice  culture  in,  area  devoted  to 124 

Camille  irrigation  plant,  features  of 58 

Camp,  B .  W . ,  rice  cultivation  by 102 

Campbell  artesian  well,  depth  and  flow  of.  65 
Camjjswood  Creek,  irrigation  from  —  89, 40-41 
Canals,  levees  for,  plate  showing  build- 

ingof 120 

Candelaria  ditch,  features  of 19 

Carlsbad,  N.    Mex.,   storage  reservoirs 

near 21 

Carlson,  A.  E.,  area  irrigated  by 1 18 

Carlson,  J.  B.,  rice  irrigation  by 117,118 

Carr,  Will,  area  irrigated  by Ill 

Carrizo  Springs,  artesian  water  near  —       65 

irrigation  at  and  near 64 

Carrizo  Springs,  use  of,  for  irrigation 66 

Casey,  B.  F..  irrigation  plant  of 41 

Catron,   F.   H.,  rice-irrigation  plant  in- 
stalled by 97 

Cedar  Creek,  irrigation  from 45^46 

Chambers  County,  rice  cultivation  in 98-99 

rice  culture  in,  area  devoted  to 124 

rice  irrigation  in,  map  showing 87 

Channing,  irrigation  near 79 
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Cha^e,  John,  irrigation  plant  of 106 

Chesterville,  rice  cultivation  near 104 

well  plants  near,  features  of 1 13-114, 115 

China,  wells  near,  rice  irrigation  from . . .  96-07 

Chittim,  J.  M.,  area  irrigated  by «) 

Christmas  Spring,  irrigation  from 48 

Cienagas  Creek,  irrigation  from 27 

Clark,  E.  M. ,  rice  cultivation  by 119 

Clark  Canal  Company,  plant  of ft* 

Clear  Creek,  source  and  character  of 30-31 

Clements.  E.,  irrigation  ditches  controlled 

by 17 

Clements,  J.  H.,  irrigation  plant  con- 
structed by iiS 

Clements  ditch,  map  showing 16 

Clementson,  John,  irrigation  plant  of 60 

Cleveland,  S.  J. ,  area  irrigated  by 123 

Clodine,  rice  cultivation  near 100-101 

Closner,  irrigation  plant  of 69 

Clymer,  M. ,  irrigation  plant  of 39 

Coghlan  ranch,  irrigation  at 90 

Collins,  F.  F.,  irrigation  plant  of 64-65 

Colorado  Canal  Company,  plant  of 122 

Colorado  County,  rice  cultivation  in . ..  107-115 

rice  culture  in,  area  devoted  to 124 

Colorado  River,  irrigation  from '     76 

irrigation  systems  north  of 76-82 

rice  cultivation  along 854 

rice  irrigation  from 107, 

106, 109, 110-111, 119-liO 
Colorado  Valley,  irrigation  systems  in. . .  76-76 

irrigation  systems  in,  below  Wharton, 

map  showing ISO 

Colorado  Valley  section,  rice  cultivation 

in 107-1^ 

well  plants  in 111-115 

Columbia,  rice  cultivation  near 11*6 

Comal  County,  irrigation  in 66-61 

Comal  Bi ver ,  irrigation  plants  on 66-61 

Comanche,  irrigation  near 80 

Comanche  Creek,  character  and  flow  of  .        17 

irrigation  from 17-19 

Comanche   Creek    Irrigation    Company 

ditch,  features  of 18 

Comanche  Irrigation  Company,  ditch  of, 

map  showing 67 

plantof - 67 

Conception  ditch,  history  of 52 

Concho  Kiver ,  irrigation  from 70-74 

Connell,  W.  A. ,  irrigation  plant  of 40 

Cook,  M.  E.,  pumping  plant  on  farm  of ..       37 

Copp,  George,  irrigation  plant  of 63 

Cordz,  H.,area  irrigated  by 116 

Cornick,  Boyd,  irrigation  plant  of 74 

CotuUa,  irrigation  plants  at  and  near 63-64 

Cow  Bayou  Canal  and  Irrigation .  Com- 
pany, farm  of.  map  showing 
location  of 86 

rice  cultivation  by 97 

Coyote  Creek,  irrigation  from 19 

Crain,  J.  M.,  irrigation  plant  of 77 

Ci'awford,  J.  H.,  irrigation  ditch  owned 

by ^ 19 

Cuero.  rice  cultivation  near S2, 123 

Cunningham  farm,  irrigation  plant  on. . .  71-72 
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Daisy,  rice  cultivation  near 101 

Danielsen,  A.,  rice  irrigatiuu  by 118 

Davis,  J.  H.,  irrigation  plant  of 54 

Davis.  W.  G..  irrigation  plant  of IlB-119 

Dawson.  C4.  S.,  irrigation  plant  of 19 

Del  Rio,  dazn»  at .  plate  showing 20 

ditches  at,  area  irrigated  from Hn 

irrigation  system  at,  features  of £>-:iB 

map  .showing 36 

Del  Rosa  ditch,  features  of lU-*) 

Del  Valle,  irrigation  plants  near 75-76 

Denis.,  W.  H.,  a<*kowledgments  to 13 

Des  Moines  Rice  (%)mi>any,  farm  of,  map 

showing  location  of 86 

irrigation  plant  of 97-9H 

Dewitt  County,  ri<-e  cultivation  in 123 

rice  culture  in,  area  devote<l  to 124 

Dickey.  S.  P.,  rice  cultivation  by 101 

Dignowitty.  A.  F.,  irrigation  plant  of 55-5() 

Dimmit  County,  irrigation  in 54-66 

Dismukes,  E..  in'igation  plant  of HI 

Dittmar.  Adolph,  irrigation  plant  of 61 

Dobbin?*,  R.  B.,  area  irrigated  by IU\ 

Dobbins,  S.  C.,  acknowledgments  to l',i 

Dolan,  Pat.  irrigation  plant  of Ki 

Dolch,  L.  F.,  irrigation  plant  of 68 

Donathan.  W.  H.,  irrigation  plant  ai..  .         TT 

Doran.  W.  R.,  irrigation  plant  of *>  ^17 

Dougherty.  A.  H.  D.,  in'igation  jilant  of.  47  4i< 

Dove  Creek.  iiTigatiou  plant  on    74 

Drainage,  importance  of Zi 

Drisooll,  irrigation  near iH) 

Dryden,  irrigation  m^r 20 

Duncan,  John,  area  irrigated  by Ill 

Dunovant,  William. ri<-e  cultivation  by.  1(I7-10K 
Dnpuy,  R.  T.,  irrigation  plant  of m 


E. 


Eagle  Lake,  irrigation  camtls  at,  map 

showing 1(IH 

rice  cultivation  near H2,l(rr-110.112,114 

Eagle  L<ake,  ri<"e  irrigation  f ix^m 107-1 10 

Eagle   Lake    Rice    ('ompany,   pumping 

plants  of 108-110 

siphon  of,  cn*HSse<.'t  ion  of  l(l» 

Eagle  Pass,  irrigation  near 68 

East  Bear  Creek,  irrigation  from 49 

Edwards  County,  irrigation  in :ft>-42, 4*M9 

soil  in,  character  of 99 

Edwards  Plateau,  boundaries  of 25 

irrigation  systems  in 26-51 

Eidson,  R.  L,  area  irrigated  by 60 

El  Campo,  well  plants  near 1 16, 117. 1 18 

Elliott,  J.  H.,  area  irrigated  by 60 

Ellis,  Robert,  irrigation  plant  of 37 

Elma,  H.,  irrigation  plant  of 41 

El   Paso  Irrigation  Company,   dam  of, 

plate  showing 14 

El  Paso  Valley,  climate  of 15 

irrigation  systems  in 13-15 

map  showing 14 

Embry,  J.  R,,  rice  irrigation  by 118 

Epp,  John,  irrigation  plant  of 55 

Erin,  rice  cultivation  near KM) 

Ernst,  A.,  irrigation  plant  of 20 


Espada  ditch,  aqueduct  carrying,  plate 

she » wing 52 

history  and  features  of '^TA 

Espada  Ditch  Comiiany,  organization  of.  .53 

Etheridge,  J.  H . .  irrigation  plant  of 42 

Etheson,  A.,  irrigation  plant  of 81 

Etheson,  Robert,  irrigation  plant  of     ...  Hi  s] 

Eule,  William,  well  plant  of lUl 

Evarts,  B.  A.,  wellplant  of lui 

Everett,  J.  M.,  area  irrigated  by 1  !6 

Everitt,  A.  W..  ric>e  cultivation  by 1 10 

F. 

Fttirland  farm,  irrigation  of 75 

Farrar,  Mrs.,  lands  of,  irrigation  of :j8 

Faulkner,  C,  irrigation  plant  of 81  ^ 

Fay etteville,  rice  se<'tton  extended  to. . .  82 

Finlan,  Owen,  irrigation  plant  of 75 

Fischer,  C.  F.  H.,  irrigati«»n  plant  of 61 

Fleming  Springs,  irrigation  from 37 

Flemming,  O.  B.,  irrigation  plant  of 47 

Flood,  damage  (paused  by.  in  18IC   15 

Flore^ville,  indgation  near 58 

Ford  Hollow  Spring,  irrigation  from  ...  48 

Fort  Bend  County,  ric«»  <'ultivation  in  .  .  101. 

104' Kfi 

rice  culturt*  in,  anMi  <ievote<l  to l:i4 

Fort   Bern!    Irrigatirm  Canal  Company, 

pumping  plants  of H4  1(5 

Fort  Clark  Resei*vation,  <Ut<*h  umkI  by 

Indians  living  on 28 

Fort  Ing<%  irr igtition  near fit) 

Fort  McKavett,  irrigation  near 'i) 

Fort  StiX'kton,  irrigation  .nystem.**  near  17  19 

irrigation  systems  near,  maji  Hhow- 

ing IS 

Fiwter,  H.  L.,  well  plant  of 114 

Franklin     Iirigation     Company,    canal 

owned  by,  features  of IH  1 4 

map  Khowing 14 

Freeman,  I.,  irrigation  i^lant  of  ttt 

Freeman,  J.  R.,  irrigation  plant  of  \'i:i 

G. 

Galves'ton  County,  rice  cultivation  in . . .  Utt 

rice  culture  in,  art*a  devoted  to 124 

Ganado,  rice  cultivation  near 1 19 

Gardn4»r,  A.  F.,  irrigation  plant  of 73 

Garetzky,  Fi-ank.  area  irrigated  by 118 

Garland,  J.  G.,  farm  of,  map  showing  lo- 
cation of 86 

rice  cultivati<m  by 89 

Garret,  D.  C  irrigation  plant  of 62 

Garw(M>d,  rice  irrigation  near Ill 

Garza  ditch,  features  of 18 

Genoa,  rice  cultivation  near 102 

Georgetown,  irrigation  near 77 

Giles  Brothers,  irrigation  plant  «»f \i6 

Gill,  Georgt*,  farm  of,  map  Hhowiii^j  loca- 
tion of  86 

rice  cultivation  by 8K-89 

Glenmore  farm  ditch,  irrigation  by 71  72 

Glover,  Frank,  irrigation  plant  of tfcj 

Goodrich.  E.  H.,  irrigation  plants  (»f 69  TO 

Gordon,  C.  K.,  irrigation  plant  of 43,5<)  51 

Gordon,  S.  M.,  well  plant  of mi 
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OoTemment  ditch,  f eatnree  of 28 

Graham,  Oscar,  irrigation  plant  of 41 

Grand  Fallft,  irrigation  near,  map  show- 
ing        84 

Grand  Falls  Irrigation  and  Improvement 

Company ,  canal  of,  features  of       24 

Grapes,  cultivation  of,  at  Del  Rio 26 

Gray,  George,  rice  irrigation  by . ..  114-115,116 

Griffith,  8.  A.,  irrigation  plant  of 46-47 

Groos,  F.,  irrigation  plant  of 57 

Guadalupe  County,  irrig^ation  in .18, 68 

Guadalupe  River,  irrigation  plants  on. . .  42,61 

rice  cultivation  along 82,128 

Gulf  Rice  Growing  Company,  farm  of, 

map  sho  vr ing  location  of 86 

iiTigation  plant  of 02 

H. 

Hackberry  Creek,  irrigation  from 89 

Hackborth  &  Koy,  well  plant  of 108 

Hale  County,  irrigation  in 78 

Halff  Brothers,  irrigation  plant  of 57 

Hall,  F.  8.,  irrigation  plant  of 49 

Halley,  R.  B.,  well  plants  of 102 

Hambert  Brothers,  lands  of,  irrigation  of       88 
Hamshire,  wells  near,  rice  irrigation  from  96-87 
Harbart-Stafford  Rice  Company,  pump- 
ing plant  of 110,111 

Hargrus  &  Poole,  irrigation  plant  of 64 

Harper  Spring,  irrigation  from 77 

Harris  County,  rict*  cultivation  in UK)-102 

rice  culture  in,  area  devoted  to 124 

wells  in,  rice  irrigation  from 100 

Harris  County  Rice  Company,  plant  of . .      101 

Harris  Lake,  irrigation  from 63 

Hartley  County,  irrigation  in 79 

Haskell  County,  irrigation  in 78-79 

Hatch  John,  irrigation  of  land  owned  by       18 

Hawkins,  Thomas,  pumping  plant  of 37 

Hays  County,  irrigation  in 62 

Hempstead,  rice  section  extended  to 82 

Herbert,  W.  P.,  area  irrigated  by 78 

Hermosura  ditch,  features  of 19 

mapshowing 18 

Hidalgo,  irrigation  at 60 

Hidalgo  County,  irrigation  in 09 

Higbee,  R.  E.,  rice  irrigation  by 117.118 

Highland  Canal,  map  showing 24 

Hill,  T.  A.,  area  irrigated  by 118 

Hill-Brown   Rice    Land   and   Irrigation 

Company,  plant  of 100 

Hillebrandt  Bayou,  rice  cultivation  on. ..  J)2-93 

Hodges,  G.  W..  irrigation  plant  of 4.V46 

Holiday  Creek,  dam  across,  features  of  . .       79 

HolUday,  J.  T.,  ai-ea  irrigated  by 60 

Honey  Creek,  irrigation  from 42 

Hoopes,  J.  H.,  farm  of,  map  showing  If)- 

cation  of 86 

rice  cultivation  by 91 

H(M3ver,  A.  J.,  irrigation  plant  of 76 

Hosier  Brothers,  irrigation  plant  of 3f>-21 

Houston,  rice  cultivation  near 100-101 

H  iidgins  Brothers,  rice  cultivation  by  . . .      1 16 

Hudson  &  A3rre«,  area  irrigated  by 116 

rice  irrigation  plant  of K2-^ 

well  plant  owned  by 112 
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Hujff man,  M.,  irrigation  plant  of 48 

Hunger,  T.,  irrigation  plant  of 4« 

Hutcheson.  W.  D.,  irrigation  plant  of . . . .       30 
Hutflon,  W.  F.,  reference  to  paper  by 0, 13 

I. 

Idlewild,  irrigation  near 04 

Illinois  Irrigation  Company,  work  pro- 
posed by 124 

Indelkofer-Gilder  ditch,  features  of 28 

India,  irrigation  near 17 

Indians,  irrigation  systems  of,  antiquity 

of .*.  1.-, 

Irion  County,  irrigation  in 71 

Irrigation,  antiquity  of,  in  El  Paso  Val- 
ley    15 

antiquity  of,  in  Texas 11 

laws  pertaining  to,  statemen  t  of 125-127 

methods  of 11-12 

necessity  of,  in  middle  Texas 13 

pumping  water  for,  diagram  showing 

horsepower  required  for 84 

systems  of ,  promotion  of 12 

Irrigation  systems,  groups  of,  division  of 

the  State  into 12 

Irvin,  J.  E.,  area  irrigated  by 116 

Ischy,  John,  irrigation  plant  of 77 

J. 

Jackets,  Paul,  area  irrigated  by 116 

Jackson  County,  rice  cultivation  in 119 

rice  culture  in,  area  devoted  to 124 

Jackson  Lake,  irrigation  f i*om 105 

Jahn,  G.  A.,  irrigation  plant  of 104 

Japonica,  irrigation  near *J 

Jarvis,  R.  L., irrigation  plant  of 45-46 

Jeff  Davis  County,  ditches  in 21 

Jefferson  County,  rice  cultivation  in H6-07 

rice  culture  in.  area  devoted  to 124 

rice  irrigation  in,  map  showing 86 

table  showing «8 

soil  in,  character  of 80 

wells  in,  rice  irrigation  from 96-87 

Jefferson  County  Ri<*e  Company,  farm  of, 

map  showing 90 

irrigation  plant  of ri^Ol 

pumping  station  of,  plate  showing. . .       9i> 

Jenson.  W.  J.,  irrigation  plant  of 44i 

Joe  Glenn  ditch,  ilrigation  by 71 

Johnson.  O.  R..  area  irrigated  by lis 

Johnson  &  Jensen,  area  irrigated  by 1  l.s 

Johnson  Fork  of  Guadalupe  River,  pui:ii>- 

ing  plant  on 42 

Johnson  Fork  of  Llano  River,  irrigation 

plants  on 43-i5 

Johnson  grass,  cultivation  of 27, 31) 

Jones,  E.  M.,  iiTigation  plant  of 41 

Jones.  F.  E.,  well  plant  of 101 

Jones,  J.  C ,  irrigation  plant  of 62 

Jones,  W.  C,  well  plant  of Ill 

Jones  &  Payne,  irrigation  plant  of 72-73 

Joy,  John,  dam  built  by 44 

Junction  City,  iiTigation  near 44, 

45.46.47,48.48^'H> 
pumping  plant  near 44 
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Kaifler,  W.  C,  irrigation  plant  of 4i 

Kaley  &  Puller,  irrigation  plant  of 0H 

Kampman,  Caroline,  irrigation  plant  of.       M 

Katy,  rice  cnltiTation  near 101  -Ktt 

Kelley,  E.  P.,  irrigation  plant  of 45 

Kelley,  W.  H..  irrigation  plant  of 45 

Kelley.  W.  S..  irrigation  plant  of 74 

KelliH  irrigation  ityBtem,  f  eatares  of 70 

Kemper  A  Lasker,  irrigation  plant  of —       79 

Kerr  County,  irrigation  in 42 

Kilgore,  M.  H.,  irrigation  plant  of 64 

Killeen,  irrigation  near 7B 

Kimble  County,  irrigation  in A2-4S 

irrigation  systemA  in,  map  nhowing. .       43 

King  ranch*  irrigation  plant  on 00 

King  Sisters,  irrigation  plant  of 87 

Kinney  CV>unty.  irrigation  in 2S-2P 

Kirby,  J.  W.,  area  irrigated  by Vt 

Kitchen  ditch,  features  of 85 

map  showing 81 

Kleberg,  R.  J.,  irrigation  plant  operated 

by 60 

Knight  spring,  irrigation  from 77 

Koelblen,  Jacob,  irrigation  plant  of 55 

Kyac  Creek,  Irrigation  from 4«M7 

L. 

Labelle,  rice  cultivation  near 9\-9Bt 

Lagnna,  irrigation  near 42 

La  Loma,  irrigation  near 17 

Lampafias,  irrigation  plant  near 75 

Lampaaas  County,  irrigation  plant  in 75 

Landa,  H..  irrigation  plantii  of 60 

Landrum,  William,  irrigation  plant  of .  .       42 

Lands,  cattle,  extent  of U 

Laaalle  County ,  irrigation  in 63 

Las  Moras  Creek,  flow  of 28 

irrigation  from 38-30 

mapshowing 29 

LawH  pertaining  to  frrigation,  statement 

of 125  127 

Lay  ton  irrigation  plant,  features  of 57 

L.  C.  pasture,  irrigation  of 50 

Leakey,  irrigation  n<»ar 41-42 

Lee,  W.  T.,  irrigation  phint  of 80 

Leet-h,  J.  W.,  area  irrigated  by 11» 

Lenzen,  G.  P.,  irrigation  plant  of 61 

Leon  ditch,  mapshowing 18 

Leon  spring,  irrigation  from 10 

Leona  River,  character  of H6 

fiowof 6H 

irrigation  plants  along ft:V-67 

Leoncito  Creek,  ditches  along 30 

Lepan  Creek,  irrigation  from 74 

Levees,  building  of,  for  rice-farm  canalM. 

plateshowing 130 

Lilierty  County,  rice  cultivation  in W-100 

rice  culture  in,  area  devoted  to 134 

rice  irrigation  in,  map  showi ng 87 

wells  in,  rice  irrigation  from W»  lliO 

Limbia  Creek,  irrigation  from 31 

Limestone  County,  irrigation  in 7H  -KO 

Linderholm,  John ,  rice  irrigation  by .  .  114.116 

Lindsey,  D.  E.,  irrigation  plant  of 30 

Lippard,  J.  K.,  irrigation  plant  of 4<  '-41 


Tl      ) 
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Lissie,  rice  irrigation  near 114-115 

Lithgow,  P.  H.,  irrigation  phint  of 68-69 

Little  Paint  Creek,  irrigation  from 47-48 

Little  River,  irrigation  from 77 

Llano  Estacado,  features  of,  and  irriga- 
tion plants  on 78 

Llano  River,  irrigation  f n>m 42-51 

Loc^ke,  Otto,  irrigation  plant  of 60-411 

Long,  A.  B.,  irrigation  plant  of 44 

Longworth  &  Caylor,  area  Irrigated  by . .      1 16 

LouIh,  W.  S.,  area  irrigated  by 118 

Louise,  rice  cultivation  near 1 IH- 1 19 

well  plants  near 116 

Lovell  Brothers,  farm  of,  map  showing 

location  of 86 

rice  cultivation  by 92 

Lowe,  Q.,  Irrigation  plant  constructed  by .       47 

Lower  ditch,  irrigation  by 66 

Lowman,R.  J.,  irrigation  plant  of 62 

M. 

Mabry,  A.P.,  irrigation  plant  of 71-72 

McBride  &  Lester,  area  irrigated  by 110 

McCan,  James,  area  irrigated  by 60 

McClelland.  C.E.,  statement  by,  relative 

to  irrigation  in  Hale  County. .       78 

McDowell,  W.  O.,  irrigation  plant  of 60 

McPadden  &  Wiess.  farm  of.  map  show- 
ing location  of 86 

rice  cultivation  by 96 

McOee  Irrigation  Company,  plant  of 70 

McGovem  ditch,  f eaturen  of 28 

McHenry ,  8.  A.,  area  Irrigated  by 60 

McLain,  George,  rice  Irrigation  by 1 15, 1 16 

McLane,  J.  B.,  irrigation  plant  of 77 

McLane  A  Crain,  irrigation  plant  of 77 

McLaughlin,  S.  W. ,  irrigation  plant  of ... .       40 

McManus,  G.  J.,  rice  irrigation  by 96-97 

McNeill,  P.  E.,  irrigation  plant  of m 

Madre  ditch,  dam  supplying,  plate  show- 
ing         26 

Madrigal,  S.  V .,  irrigation  plant  of 69 

Magruder. ,  irrigation  plant  of 104 

Malmquist,  C.  T.,  rice  irrigation  by 1 15. 116 

Mamie  ditch,  features  of ;«-ifi 

flexible    pive  joint    used  on,    figure 

showing \M 

map  showing JU 

Marble  Palls,  irrigation  at 76 

Margueretta  canal,  features  of 32-3!^ 

flume  of,  acrofis  Pecos    River,  ]>lHte 

showing 32 

head  gate  of ,  plate  showing 32 

mapshowing 33 

sluice  gate  used  on.  plate  showiug 34 

West  Valley  ditch  of,  plate  showing.        33 

Marshall.  Prank,  rice  Irrigation  by 111.  113 

Martinez  Creek,  irrigation  plant  in  valley 

of sV) 

Masterson,  B.  T.,  irrigation  plant  of 64 

Masterson,  W.  T.,  rice  cultivation  by J(i"> 

Matagorda  Company,  rice  irrigation  by .  131  - 1:^ 
Matagorda   (\iunty,  areas  irrigated  in, 

summary  of  - 133- 1313 

levees  for  canals  in,  pliite   showing 

Imildingof 130 
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Matagorda  County,  rice  i'ultivation  in.  121-123 

lice  culture  in.  area  devoted  t  > 124 

nee  planting  in,  plate  showing  <.mgine8 

breaking  sod  for 120 

Mauritz,  N.  P.,  rice  cultivation  by 119 

Maverick  County,  irrigation  i-i 68 

Maxwell,  Z.  T..  irrigation  plant  of ;** 

Mayes,  J.  T.,  ii*rigation  plant  built  by 50 

Mayfleld,  D.  B.,  rice  cultivation  by 119 

Meadow  Brook  farm,  irrigation  on 11)0-101 

Medina  River,  pumping  plant  on 64 

Meer8<'heidt  Brothers,  irrigation  plant  of.  58 

Menard  County,  irrigation  syHtera.Min...  9(MJ8 

Menardville,  dam  near,  features  of 8S 

irrigation  near 80-85 

irrigation  syst'.^ms  r,t  and  near,  map 

showing - 31 

Menge,  William,  irrigation  plant  <<t' 50 

Messinger,  W.  D.,  area  irrigated  by 60 

Met«nlf  &  Sims,  irrigation  i)lant  of 73 

Mexia,  irrigation  at 79-S») 

Milam  County,  irrigation  in 77 

Mill  Creek^  irrigation  from 103 

Miller,  W.  W.,  area  irrigated  l;y 116 

Mills  County,  pumping  plants  in,  damage 

to - 75 

Milner,  James,  area  irrigated  by 118 

Mission  ditches,  f eatuivs  of 51-54 

Mission  Farm  Company,  irrigation  plant 

of 58 

Mobeetie,  irrigation  at 70 

Montell, irrigation  at.. 42 

Moore,  Ed.,  farm  of,  map  showiir.r  lo<*a- 

tionof  86 

rice  cultivation  by  91 

Moore,  W.  S.,  area  i:*rigatotl  by 116 

Moore-Cortez  Canal  Company,  area  ii-ri- 

gatedby 12:j 

plant  of 121 

M<x>s,  "W.  G . ,  irrigation  plant  of 43-44 

Morales,  M.,  irrigation  plant  of 5t) 

Moritz,  M.  P.,  rice  cultivation  by 119 

Mon-ison,  T.  W. ,  irrigation  plant  of 78 

Mot t,  Charles,  irrigation  plant  of. .  TA 

Mountain  Home,  irrigivtion  near 42 

Mud  Creek,  in*igation  from 27-28 

irrigation  from,  map  showing 28 

Mulato  canal,  features  of 20 

Mulberry  Spring,  flow  of 66 

Munson,  H.  and  G.,  irrigation  plant  of . ..  106 

Myei*s,  Charles,  irrigation  plant  of  81 

X. 

Neches  River,  rice  cultivation  on 95-96 

Neizor ,  "William,  area  i  rrigated  by 1 18 

Nels<m,  John,  irrigation  plant  of 39 

Nelson,  Oscar,  area  irrigated  by 118 

Nelson,  P.  A.  E.,  area  irrigated  by 118 

Nelson,  W.  J . .  well  plant  of 101 

Nelson  Brothers,  area  irrigated  by 118 

Nosbett,  H.  H.,  in-igation  plant  of 79 

New  Braunfels,  irrigation  at  and  ne:ir...  60-61 

Newell,  F.  H..  letter  of  ti-ansmittal  by ...  9 

Nile  Valley  Company,  area  in'igated  by.  123 

irrigation  plant  of 122 

pumping  plant  of,  plate  showing 122 


Page. 

Nordin,  P.  H..  rice  irrigation  by 117,118 

Normanna.  irrigation  near 60 

North  Laredo,  irrigation  plants  at 68-69 

Noyes  ditch,  construction,  cost,  and  fea- 
tures of  31-^« 

Nueces  County,  irrigation  in 6t> 

Nueces  River,  irrigation  from  upper 39-42 

irrigation  systems  along  lower 63-65 

Nye,  F.  C,  irrigation  plant  of 68 

O. 

O'Donnell,  J.  H.,  in*igation  plant  of    100 

Old  Mission  ditch,  construction  of 31 

Olesen,  A.  P.,  ai'ea  irrigated  by 118 

OU»sen,  D.,  rice  irrigation  by 117 

Oliver,  Rod.,  irrigation  plant  of 106 

Orange,  rice  cultivation  near 97-98 

Orange  County,  rice  cultivation  in  97-98 

rice  culture  in,  area  devoted  to 124 

rice  irrigation  in,  map  showing 86 

soil  in,  character  of 97 

Orange  County  Rice  Company,  irrigation 

plant  of 98 

Owens,  W.  J.,  pumping  plant  operated 

by 44 

Oyster  Creek,  irrigation  from 105 

P. 

Palvo  Irrigation  Company  ditch,  features 

of 20 

Pai*s()ns,  W.  H.,  irrigation  plant  of 79 

Paterson  artesian  w^ell,  depth,  and  flow 

of a5 

Pattei-wm,  W.  B.,  irrigation  plant  of 41-42 

Peach  trees,  killing  of,  by  flood 15 

Pecos  ('ounty ,  irrigation  in IV- 19. 20. 24 

Pecos  River,  coui-se  and  character  of 21 

Margueretta  canal  flume  acrosi,  plate 

showing 22 

i  rrigati(m  systems  west  of 13  21 

Pecos   River    In-igation   Company,   ft^i- 

tures  of  ditch  of 'Zi  24 

Pe(;os   River   Comi>any,  irrigation    con- 
trolled by  19 

Pecos  Valley,  fertility  of 21 

iri'igation  systems  in 21-24 

Perry,  W.  J. ,  irrigation  plant  of 30 

Peterson,  Otto,  rice  cultivation  by 1 19 

Phantom  LakQ,  location  and  features  of. .        15 

Pickett,  A.  G .,  irrigation  plant  of 58 

Piedras  Creek,  aqueduct  carrj'ing  Espada 

ditch  acro-«,  plate  showing ...        52 

Pierce,  well  plants  near 116 

Pietsch,  L.,  area  irrigated  by 1 16 

Piloncillo,  maniifacture  of 70 

Pine  Island  Bayou,  rice  cultivation  on. . .  94  -'C> 
Pioneer  Canal  Company,  measuring  weir 

adopted  by,  plate  showing 24 

Place,  C.  A.,  farm  of,  map  showing  loca- 
tion of 86 

rice  cultivation  by 92-9CJ 

Planters'  Canal  Company,  area  irrigated 

by 122.12:J 

Pool,  J.  R.,  irrigation  plant  of 20 

Pordo,  E. ,  irrigation  plant  of 80 
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Port  Arthur  Irrigation  Company,  map 

showing  location  of H6 

plant  of: flS 

rice  thrasher  on  plantation  of,  plate 

showing W 

Praeger.  Otto,  irrigation  plant  of 57 

Prairie  Bluff  Rice  Company,  area  irri- 
gated by 12» 

location  of  canal  of \ti 

Presidio,  irrigation  near 20 

Presidio  Connty,  irrigatitm  in l*-aO 

Pridhams  Lake,  rice  irrigation  from  —  1^ 

Prospect  Hill,  irrigation  near 58 

Pruett  ditch,  mapshowing 16 

Palham  prong  of  Nueces  River,  irriga- 
tion from  38,41 

Pumping,  horseiMwer  required  for,  for 
various  lifts  and  acreages,  dia- 

gramshowing M 

R. 

Radford  A  Co.,  rice  cultivation  by 101 

Rankin,  Carl,  area  irrigated  by 60 

Rathbone,  Harry,  irrigation  plant  of 128 

Rathbone  &  Wofford,  rice  farm  of 12S 

Rathjen,  F.  H.,  area  irrigated  by 79 

Ray,  T.  Ii.,  irrigation  plant  of 1» 

Ray  wood  Bice  Canal  and  Milling  Com- 
pany, plant  of W 

Red,  M.,  irrigation  plant  of 40 

Red  Bluff  Rice  Company,  plant  of 111-112 

Reeves  County,  Irrigation  in 16-17 

Reid,  J.  H.,  irrigation  plant  of 4f»-«> 

Rembold,  P.  J.,  irrigation  plant  of 44 

Reynolds,  Charles,  installation  of  irriga- 
tion plantby 60 

Reynolds,  Oeorge,  installation  of  irriga- 

tionplantby 60 

Rejmolds  Land  and  Cattle  Comjiauy,  irri- 
gation plant  of T» 

Rice,  area  devoted  to  culture  of,  by  coun- 
ties   124 

cultivation  of,  amount  of  water  re- 
quired for Ki~M 

conditions  requisite  for H2,83 

plate  showing  preparations  for.  .  120 

irrigation  of ?<rM24 

general  features  of 82-86 

proposed  plants  for  cultivatiou  of 124 

Rice  belt,  irrigation  in S2-124 

mapshowing W 

Rice  straw,  baling  of,  plate  showing 122 

Rice  thrasher,  plate  showing 90 

Richards,  John,  irrigation  plant  of 62 

Richland  Spring,  irrigation  from 38 

Richmond,  rice  cultivation  near 105 

Ring,  H.F.,  well  plant  of 101 

Rio  Frio,  irrigation  from 41-42 

Riofrio,  ii-rigation  near 41-42 

Rio  Grande,  features  of  valley  of 68 

flow  of,  unreliability  of 15 

irrigation  from I'.i^l't 

irrigation  plants  along  lower 68-70 

rice  cultivation  along 82 

Rio  Rosa  ditch,  features  of 19-20 

Roberts,  T.  O.,  well  plant  of !01 


Paga 

Robertson,  J.  K.,  area  irrigated  by 60 

Rock  Island,  rice  irrigation  near . . .  110,  111,  112 

Rolf,  T.,  area  irrigated  by 118 

Rooney  ditches,  features  of 18-19 

Roewell,  N.  Mez..  irrigation  workH   at 

and  near 21 

Rough  Cret»k,  irrigation  near 88 

Royall,  Mrs.,  irrigation  plant  of      19 

Rusk,  J.  T.,  rice  farm  of 123 

S. 

Saddler  &  Rome,  rice  cultivation  by 119. 

Saddler  &  Thomas,  rice  cultivation  by         119 
Saddler  &  Thomason,  rice  cultivation  1  »y .      119 

St.  Isabella  Canal,  map  showing 16 

St.  Marys  diU'b.  map  showing 28 

San  Angelo,  irrigation  plants  south  of. 

mapshowing 72 

San  Antonio,  artesian  wells  in  and  near. 

Irrigation  from 54-A6 

geographic  center  of 62 

irrigation  ditches  at,  antiquity  of  —       51 

irrigation  systems  at  and  near 51-62 

sewage  from,  use  of.  for  irrigation.      56-57 
sewer -farm  ditch  at,  cross  section  of.       56 
San  Bernard  Creek,  rice  cultivation  on.  10»  104 
Sand  screen  for  water  wells,  figure  show- 
ing        113 

Sandy  Point,  rice  cultivation  near 105 

San  Elizario,  irrigation  ditch  near,  fea- 

turesof - 14-15 

Han  Felipe  Agricultural.  MtH'banical.and 
Irrigation   Company,  ditches 

owned  by 25-38 

San  Felipe  Creek,  irrigation  from 25 

San  Felipe  ditch,  dam  supplying,  plate 

showing 38 

map  showing 26 

San    Gabriel    River,    irrigation    plants 

along 7rt-77 

San  Jacinto  Rice  and   Irrigation  Com- 
pany, work  proposed  by 124 

San  Jose  ditch,  history  of 53 

San  Jose  Irrigation  Company,  plant  of    .        74 

San  Juan  ditch,  in-igation  by 53 

San  Marcos,  irrigation  near 62 

San  Marcos  River,  irrigation  plants  on  ..  01-62 
San  Marcos  Water  Works  Company,  irri- 
gation plant  of 61 

San  Pedro  ditch,  irrigation  by 52 

San  Pedro  Spring,  irrigation  from 19 

San  Saba,  irrigation  systems  near  —  :«,37,38 

San  Sal)a  County,  irrigation  in Ji')-4» 

soil  in,  character  of 35,38 

San  Saba  mission,  establishment  of 31 

San  Saba  River,  dam  across,  features  of.        32 

San  Saba  Valley,  irrigation  in :«)-38 

proposed  irrigation  system  in 37-38 

Santa  Lucia,  irrigation  near —       19 

irrigation  near,  map  showing 24 

Santa  Rosa  Spring,  irrigation  from 19 

Sapp.  N.  B.,  rice  cultivation  by 99-100 

Saragossa.  inigation  near 17 

Schult,  Oscar,  rice  irrigation  by 118 

Schumacher  &  Fox,  farm  of,  map  show- 
ing location  of 86 
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Scott,  L.  A.,  irrigation  plant  of 19 

Scroggins,  O.  B.,  area  irrigated  by 118 

Seafeldt,  H.  G.,  irrigation  plant  of 64 

Sealy,  rice  cultivation  near 104 

Seminole  Negrro  Indians,  ditch  uhikI  by . .       28 

Sewage,  use  of,  for  irrigation 66-67 

Sexton  Canal  Company,  area  irrigated 

by 123 

Shackelford  County,  irrigation  in 78-79 

Shafter,  irrigation  at  and  near 19, 20 

Shappard,  N.  H.,  irrigation  plant  of 76 

Shealy,  Will,  installation  of   irrigation 

plantby..  60 

Sheldon,  rice  cultivation  near 100 

Sheldon  Canal  Company,  plant  of 100 

Sherwood,  irrigation  near 71 

Shockley ,  W.  A . ,  irrigation  plant  of 40 

Sieker,  L.  P.,  dam  of,  croHs  8t»otion  of 34 

dam  of ,  features  of 3»-34 

Sigler,  H.  C,  area  irrigated  by Ill 

pumping  plant  of 110 

Sleicher  &  Crouch,  rice  farm  of 123 

Sloan,  irrigation  at 3!>-vJ6 

Sloan,  J.  A.,  &  Sons,  ditch  owned  by, 

features  of 35-86 

Sloan  irrigation  system,  map  showing ...       36 

Small,  A.  W. ,  irrigation  plant  of 112 

Smith,  F.  B.,  irrigation  plant  of 100-101 

Smith,  H.  F.,  rice  farm  of 105 

Smith,  J.  F.,  &  Bro.,  irrigation  plant  of. .       75 
Smith,  J.  G.,  &  Bro.,  irrigation  plant  of. .      106 

Smith,  T .  L .  f  acknowledgements  to 13 

Smith  ditch,  features  of 29 

Smithers  Lake,  irrigation  from 101 

Socorro,  irrigation  ditch  near,  features 

of 14-16 

Soil,  charat:ter  of :i5,38,!«,42 

South  Concho  Irrigation  Company,  plant 

of 73-74 

South  Llano  River,  flow  of 61 

irrigation  from 48-49 

Southern  Rice  Company,  fai*m  of,  map 

showing  lotration  of 86 

irrigation  plant  of. 92 

Southwestern  Company,  area  irrigated 

by 97 

Southwestern       Inngation       Comiiany, 

ditches  owned  by,  features  of.       18 

Siiarks,  J.  W.,  irrigation  plant  of 40 

Spitgarber  ranch,  irrigation  at 30 

Spivy,  — ,  area  irrigated  by 97 

Spring  Creek,  irrigation  from 73 

Springs,  occurrence  and  use  of 11 

occurrence  and  volume  of,  Edwards 

Plateau 25 

Staked  Plains,  features  of,  and  irrigation 

plantson 78 

Stalte,  Fred,  irrigation  plant  of 81 

Staples,  irrigation  near 62 

Starty,  A.  G.,  irrigation  plant  of 61 

State  Agricultural  and  Mechanical  Col- 
lege, irrigation  plant  of 58-68 

Stephenson,  W.  M.,  irrigation  plant  of. . .  48-49 

Sterling,  irrigation  near 70 

Sterling  County,  irrigation  in 70 

S*^erner.  E.  G.,  area  irrigated  by 118 


l*age. 

Stems,  H.  T.,  irrigation  plant  of 76 

Stewart,  Alec. ,  irrigation  plant  of 50 

Stewart,  D.  L.,  irrigation  plant  of 50 

Stewart  canal,  irrigation  by HB 

Stewart  Canal  Company,  area  irrigated 

by 123 

Stilflon,  rice  irrigation  near 99 

Stockdick,  A.,  well  plant  of 101 

Stone,  Heber ,  irrigation  plant  of 103 

Stone,  James  and   Stephen,   irrigation 

plant  of 108-K>4 

Stoval,  A.  M.,  area  irrigated  by 60 

Stratton,  Judge,  pumping  plant  installed 

by,  features  of 29 

Stratton  ditch,  features  of 29 

Strickland,  W.  S. ,  area  irrigated  by 116 

Striegler,  O. ,  irrigation  plant  of 31 

Stubenrauch,  J.,  irrigation  plant  of T9-W 

statement  of,  as  to  value  of 

irrigation 80 

Simwall,  N.  J.,  area  irrigated  by 118 

Swag  ditch,  map  showing 36 

Swinden  Pecan  Orchard  Company,  irri- 
gation plant  of 74-76 

T. 

Tarlton,  G .  D. ,  irrigation  plant  of 60 

Taylor,  irrigation  near 70 

Taylor,  J .  H . ,  irrigation  plant  of JK 

Taylor,  J .  S. ,  irrigation  plant  of 64 

Taylor,  M.  A.,  irrigation  plant  of 64-65 

Taylor,  M.  M.,  irrigation  plant  of 41 

Taylor,  T.  C,  irrigation  plant  of 48 

Taylor,  W .  W . ,  irrigation  plant  of 46 

Taylors  Bayou,  dam  across,  necessity  of.       88 

rice  cultivation  on.  - 88-92 

Tedford,  Robert,  irrigation  plant  of 42 

Templeton  ranch,  irrigation  on 21 

Terry,  rice  cultivation  near 97-96 

Texas  Land  and  Irrigation  Company, 

plant  being  installed  by 1^ 

Texas  Pacific   Railroad,  irrigation  sys- 
tems north  of 78-79 

Thompson,  A.  S.,  area  irrigated  by 118 

Thompson,  N.,  area  irrigated  by 118 

Thrailkill,  W.  F.,  irrigation  plant  of 42 

Ti jerina,  Thomas,  irrigation  plant  of 70 

Tom  Green  County,  irrigation  in 71-74 

irrigation  in,  map  showing 33 

Tornillo  Creek,  irrigation  from 20 

ToiTes,  CsBsario,  irrigation  of  land  by 18 
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LETTER  OF  TRANSMITTAL 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Washington,  D,  C,  May  24,  1902. 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  by  Mr. 
Marshall  O.  Leighton,  relating  to  sewage  pollution  in  the  metropolitan 
area,  and  to  request  that  it  be  published  in  the  series  of  Water-Supply 
and  Irrigation  Papers.  In  an  investigation  of  the  water  resources  of 
the  country  it  becomes  necessary  in  the  thickly  settled  portions  to 
give  consideration  not  merely  to  the  quantity  of  water  and  its  fluctu- 
ations, but  also  to  the  quality,  and  to  the  changes  that  are  taking  place 
owing  to  the  presence  of  various  industries. 

The  best  methods  of  utilizing  the  water  resources  of  the  countr^'^  are 
dependent  not  only  upon  geologic  and  topographic  features,  but  also 
upon  what  has  been  termed  cultural  conditions,  the  latter  embracing 
all  of  the  changes  brought  about  by  man.  The  accompanying  discus- 
sion by  Mr.  Leighton  relates  to  a  portion  of  the  most  thickly  settled 
part  of  the  United  States,  and  shows  that  water  resources  may  be  so 
misused  that  streams  which  in  their  natural  condition  were  useful  and 
attractive  may  be  rendered  obnoxious  and  made  sources  of  loss  to  the 
community. 

Very  respectfully,  F.  H.  Newell, 

Hydrographer  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Oeological  Survey. 
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SEWAGE  POLLUTION  IN  THE  METROPOLITAN  AREA 
NEAR  NEW  YORK  CITY  AND  ITS  EFFECT  ON 
INLAND  WATER  RESOURCES. 


Bv  Marshall  O.  Leighton. 


XORMAL.  WATERS- 

In  a  primeval  country,  undisturbed  by  the  advance  of  civilization, 
where  there  are  no  houses,  barns,  or  factories,  the  water  that  flows 
from  a  drainage  basin  may  be  said  to  be  normal.  This,  however,  does 
not  mean  that  the  water  is  chemically  pure.  The  water  of  precipita- 
tion or  rainfall,  which  is  the  origin  of  all  surface  waters,  takes  three 
courses,  the  proportion  carried  along  each  depending  upon  many 
physical  characters  and  conditions.  There  is,  first,  that  which  is 
evaporated  or  absorbed  by  vegetation;  second,  that  which  runs  off  the 
ground  directly  into  water  courses;  and  third,  that  which  sinks  into 
the  ground  and  reappears  in  various  well-known  ways  after  having 
filtered  through  the  earth. 

The  character  of  the  water  is  markedly  influenced  by  the  ingre- 
dient%s  which  it  takes  up  along  these  courses,  and  therefore  chemically 
pure  water  is  seldom  found  in  nature.  Water  that  runs  along  the 
earth's  surface  directly  into  natural  water  courses  carries  in  suspen- 
sion a  large  quantity  of  fine  particles  which  lie  in  its  way — vegetable 
matter  in  a  state  of  complete  disintegration,  organic  matter  in  various 
stages  of  oxidation,  minute  particles  of  sand  and  mineral  matter  from 
the  earth,  and  large  quantities  of  silt.  Oh  the  other  hand,  water  that 
sinks  into  the  ground  leaves  behind,  in  the  majority  of  cases,  these 
suspended  particles,  but  when  it  reappears  it  carries  in  solution  the 
soluble  mineral  constituents  of  the  earth  through  which  it  has  passed, 
and,  if  it  then  contains  any  dissolved  organic  matter  it  is  usually  in  an 
advanced  state  of  oxidation.  Water  thus  discharged  from  drainage 
areas  is  by  no  means  uniform  in  composition,  nor  is  it  of  the  same 
nature  in  the  same  area  during  a  series  of  examinations.  Run-off 
water  varies  in  charact/er  according  to  the  amount  of  precipitation,  the 
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season  of  the  year  and  consequent  state  of  vegetation,  the  extremes  of 
temperature,  the  nature  and  slope  of  the  surface  of  the  land,  and  many 
other  physical  conditions,  varying  familiarly  from  season  to  season. 
During  the  season  of  copious  rains  it  is  observed  that  water  from  a 
drainage  area  carries  along  more  sediment  than  during  seasons  of 
normal  precipitation,  and  analysis  would  show  that  the  organic  matter 
contained  in  the  water  is  in  larger  proportion.  At  the  close  of  the 
warm  season,  during  which  vegetation  has  been  flourishing,  there  is 
much  less  decayed  and  dried  vegetable  matter  to  be  carried  along  than 
during  the  spring  season,  after  the  winter  has  destroyed  the  tender 
growth  of  the  previous  summer.  Again,  during  the  warm  season  there 
is  a  larger  proportion  of  precipitation  absorbed  by  vegetation  and 
evaporated.  The  season  is  also  a  faetor  in  determining  the  condition 
of  water  in  countries  in  which  snow  covers  the  ground  for  a  part  of 
the  year.  During  the  time  of  snow  the  water  which  during  warm 
seasons  would  be  immediately  diverted  to  its  accustomed  channels  is 
retained  upon  the  surface  of  the  earth,  to  be  evaporated  by  prevailing 
winds  or  to  be  melted  quickly  upon  the  approach  of  spring. 

The  slope  and  the  nature  of  the  surface  of  the  land  are  important 
factors  in  determining  the  character  of  surface  waters.  Where  sur- 
faces are  steep  and  smooth  a  large  proportion  of  water  runs  directly 
into  streams,  and  with  it  a  great  amount  of  sediment,  while  upon 
most  flat  surfaces  nearly  all  the  precipitation  not  directly  evaporated 
sinks  into  the  ground.  Between  the  steep,  smooth  surfaces  and  the 
flat  ones  there  are  many  gradations,  each  having  its  effect  upon  the 
final  content  of  run-off  water. 

Distance  from  the  ocean  is  another  factor  influencing  the  character 
of  water.  This  has  been  the  subject  of  an  extended  series  of  investi- 
gations by  the  Massachusetts  State  board  of  health,  and  later  by 
other  bodies,  both  corporate  and  private.  It  is  found  that  the  amount 
of  chlorine  is  highest  at  coast  points,  and  as  we  recede  farther  and 
farther  inland  the  proportion  in  normal  waters  grows  correspondingly 
smaller,  so  that  it  is  possible  to  trace  upon  the  map  of  a  country  the 
lines  of  uniform  normal  chlorine  in  much  the  same  manner  that  lines 
of  equal  altitude  are  traced  upon  a  topographic  map. 

The  state  of  preservation,  of  the  forests  of  a  country  exerts  an  influ- 
ence of  great  importance  upon  the  character  of  surface  waters  and 
upon  the  flow  of  streams.  In  the  absence  of  trees  there  is  less  absorp- 
tion of  rain  water  by  the  ground  and  a  correspondingly  larger  pro- 
portion is  carried  directly  into  the  water  courses  with  a  greater 
amount  of  sediment,  so  that  a  drainage  area  that  has  been  largely 
denuded  of  trees  is  subject  to  greater  variation  of  stream  flow  and 
more  frequent  freshets  than  is  an  area  that  is  in  large  part  covered 
by  forests.  On  denuded  areas  there  is  less  evaporation,  and  ulti- 
mately the  whole  character  of  the  surface  may  be  so  changed  by  loss 
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of  vegetation  and  extensive   erosion    that   the    immediate    run-off 
water  may  comprise  almost  the  entire  precipitation. 

BLaving  re  viewed  the  more  important  conditions  and  influences  that 
affect  the  character  of  normal  water,  let  us  consider  the  economic 
value  of  water  to  the  community.  Intercepted  and  stored  in  reser- 
voirs it  has  become  indispensable  to  large  communities  for  domestic 
and  manufacturing  uses;  from  prehistoric  times  large  rivers  have 
been  used  as  avenues  of  transportation;  as  motive  power  water  has 
been  used  forages;  vast  harvests  of  ice  are  gathered  from  the  surface 
of  Northern  rivers;  in  arid  countries  water  flnds  extensive  use  in  irri- 
gation ;  it  may  be  the  source  of  food  supply  through  fisheries,  and  its 
presence  in  a  country  is  A^aluable  from  a  purely  sBSthetic  point  of 
view,  lakes  and  fountains  forming  a  natural  nucleus  for  parks, 
resorts,  and  places  of  rest  and  recreation. 

POIil^UTED  WATERS. 

When,  however,  man  makes  his  abode  in  any  area  and  carries  on 
his  normal  life,  the  water  draining  that  area  soon  assumes  characters 
which  it  had  hitherto  not  possessed.  It  now  contains  the  products  of 
excretions  of  man  and  of  the  domesticanimals  that  accompany  him,  and 
the  amount  of  change  in  the  character  of  the  water  depends  entirely 
upon  the  number  of  people  and  their  pursuits.  In  the  beginning  pol- 
lution is  indirect,  but  with  social  and  commercial  progress  come  modern 
improvements,  and  eventually  the  public  sewer  is  laid  to  the  nearest 
and  most  convenient  body  of  water.  This  is  the  natural  course,  and 
in  inland  municipalities  there  may  be  developed  in  the  course  of  time 
a  system  of  sewerage  conducting  such  a  volume  of  city  waste  that  the 
lai^est  river  on  the  globe  can  not  dilute  it  suifieiently  to  disguise  its 
presence.  Let  us  consider  briefly  whether  water  so  polluted  can  be 
applied  to  all  of  the  uses  to  which  normal  waters  have  been  found 
applicable. 

Many  American  cities  have  been  taught  by  dear  experience  that  it 
is  fatal  to  provide  polluted  waters  for  household  purposes.  Lowell 
and  Lawrence,  Newark  and  Jersey  City,  Albany,  Pittsburg,  Louis- 
ville, Cincinnati,  and  many  other  cities  have  profited  by  that  experi- 
ence. Philadelphia  has  just  shaken  off  the  lethargy  of  decades  and 
is  now  preparing  to  filter  the  refuse  of  municipalities  on  the  upper 
Schuylkill  and  Delaware.  Other  cities  have  their  lesson  yet  to  learn, 
but  each  will  probably  learn  it  only  when  its  group  of  mourners  has 
become  large  enough  to  demand  attention.  With  childlike  faith  the 
city  of  Albany,  reassured  by  the  advice  of  an  eminent  chemist,  estab- 
lished its  water  intake  in  the  cesspool  of  the  Hudson.  Yet  after  a 
few  years,  during  which  many  lives  were  lost  in  the  ravages  of  water- 
borne  disease,  it  constructed  one  of  the  most  extensive  filters  in  the 
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country,  at  a  cost  of  half  a  million  dollars.  He  who  says  that  a  pol- 
luted river  will  purify  itself  in  the  course  of  several  miles  reckons 
with  an  unknown  force  which  will  probably  fail  him  at  the  critical 
time. 

The  same  conditions  and  statements  apply  to  ice.  Although  recent 
work  seems  to  show  that  the  germs  of  typhoid  fever  do  not  remain 
intact  in  ice  as  long  as  was  formerly  supposed,  there  is  yet  but  little 
evidence  obtained  concerainff  the  bacteria  of  other  water-bonie  dis- 
eases. Irrespective  of  disease  organisms,  the  use  of  ice  from  pol- 
luted waters  in  our  houses  and  markets  is  abhorrent  and  will  not  be 
tolerated. 

As  a  rule,  the  presence  of  pollution  in  water  used  for  irrigation  is 
not  a  detriment.  On  the  contrary,  it  may  be  an  aid  to  vegetation, 
although  the  manurial  value  of  sewage  is  not  so  great  as  is  popularly 
supposed. 

The  use  of  water  for  power  is  not  usually  affected  by  pollution, 
although  in  some  cases  mill  ponds  have  ^become  grievous  nuisances 
on  account  of  the  storage  of  pollution  from  a  municipality  above.  In 
certain  kinds  of  manufacturing,  however,  pure  water  must  be  used, 
and  in  such  cases  the  use  of  polluted  water  from  a  neighboring  stream 
is  prohibited,  so  that  an  added  expense  is  necessitated  for  another 
supply  and  the  value  of  the  near-by  stream  is  diminished. 

A  single  stream  very  seldom — almost  never — embraces  all  of  the 
uses  enumerated  above.  If  the  waters  are  navigable  to  any  extent 
there  can  be  no  power  sites,  nor  can  the  "raw"  wat^r  be  used  for 
public  supply,  and  only  seldom  is  the  ice  which  it  bears  a  wholesome 
product.  If,  on  the  other  hand,  waters  are  to  be  conserved  for  power 
or  for  public  supply,  it  will  be  impossible  to  use  them  for  traffic.  If  a 
stream  which  is  not  navigable  is  polluted,  it  may  l)e,  if  the  pollution 
be  extensive,  that  the  water  will  be  rendered  unfit  for  any  purpose 
whatever;  for,  transportation  or  ice  cutting  being  precluded  by  the 
physical  conditions,  we  have  only  irrigation,  power,  and  public  sup- 
pi}'  remaining.  Of  these  three  the  last  maj'  be  entirely  cut  off,  the 
second  may  be  modified,  and  only  the  first  ma}'^  remain  practically 
intact.  As  irrigation  is  important  only  in  the  dry  areas  of  the  West, 
this  asset  does  not  apply  in  the  remainder  of  the  country,  and  so  we 
find  that  in  many  cases  the  entire  value  of  a  stream  may  he  lost  through 
pollution. 

ExU*nsive  pollution  unfits  a  river  for  a  nucleus  for  park  areas. 
Deposits  of  filth  upon  the  banks  of  streams  make  noxious  odors  and 
render  such  places  undesirable  as  dwelling  sites.  The  value  of  prop- 
erty is  impaired,  the  neighborhood  is  shorn  of  desirable  population, 
and  places  that  were  once  fair  to  look  upon  may  become,  by  reason 
of  sewage  pollution,  famous  only  for  foul  odors  and  unpleasant 
associations. 

The  consideration  of  such  matters  is  very  familiar  in  treatises  on 
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questions  involving  public  health.  It  has  been  conceded  that,  from 
a  general  hygienic  standpoint,  no  stream  should  be  polluted  with 
sewage.  It  is,  however,  the  purpose  of  this  paper  to  consider  the 
matter  from  a  standpoint  of  diminution  of  natural  resources  with 
special  reference  to  the  rivers  in  "  the  metropolitan  area,"  comprising 
northern  New  Jersey,  southern  New  York,  and  the  western  part  of 
Massachusetts.  It  is  proposed  to  take  into  account  the  water  resources 
of  this  section  and  to  show,  as  closely  as  available  information  will 
permit,  the  loss  which  has  come  about'  by  reason  of  river  pollution. 
This  part  of  the  United  States  has  become  the  metropolitan  area 
chiefly  because  of  its  natural  resources,  both  maritime  and  inland. 
Among  these  sources  of  economic  supremacy  the  value  of  the  inland 
waters  stands  in  the  front  rank. 

The  consideration  of  financial  loss  due  to  sewage  pollution  of  streams 
in  this  area  becomes,  therefoi^,  of  immediate  importance;  and  as  we 
shall  enumerate  in  the  following  pages  the  expenditures  made  neces- 
sary bj''  this  discredited  practice,  it  is  possible  that  we  shall  find  sew- 
age pollution  not  only  an  agency  most  destructive  to  human  life,  but 
one  of  the  most  far-reaching  drains  upon  human  wealth  that  has  yet 
been  considered.  In  addition  to  the  mere  question  of  existing  pollu- 
tion there  is  the  problem  of  abatement  or  prevention,  which  is  receiv- 
ing consideration  in  many  States  under  authority  granted  by  legisla- 
tive enactment.  This  method  of  consideration  may  serve  admirably 
in  the  several  States,  but  what  of  interstate  pollution?  State  bound- 
aries in  the  eastern  part  of  this  country  are  so  closely  set  that  instances 
of  interstate  grievance  are  numerous.  A  municipality  made  miser- 
able by  i)olluted  water  from  aAOther  State  is  deplorably  helpless  to 
obtain  remedy.     There  is  no  national  authority  over  such  matters. 

BARITAN  RIVKR. 

The  Raritan  River  is  the  largest  in  New  Jersey,  and  the  second  in 
economic  importance.  The  drainage  area — 1,105  square  miles  in 
extent — is  of  a  mixed  type,  having  275  square  miles  of  highland  area, 
100  square  miles  of  sandy  plain,  and  the  remainder  of  red  sandstone. 
Budd  Lake,  1^  miles  long  and  three-quarters  of  a  mile  wide,  is  the 
only  extensive  storage  reservoir  in  the  basin.  Only  about  13  per 
cent  of  the  area  is  in  forest,  and  the  bareness  of  vegetation,  in  con- 
nection with  the  limited  storage  facilities  and  the  extensive  steep 
trap-rock  surfaces,  causes  an  excessive  flood  flow,  which  at  times 
does  a  large  amount  of  damage.  The  river  is  navigable  to  New 
Brunswick,  10  miles  from  the  mouth,  and  is  affected  by  tides  to  a 
point  4  miles  higher.  Records  of  gagings  have  been  maintained 
since  the  year  1890  at  the  Delaware  and  Raritan  Canal  dam,  15 
miles  above  the  mouth  of  the  river.  In  the  report  of  the  Geological 
Survey  of  New  Jersey  (Vol.  Ill,  p.   200)  there  appears  a  flow  table 
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computed  from  these  gagings,  covering  the  years  1890-1893,  inclusive, 
as  follows: 

Table  l,^Flow  of  the  Raritan  at  Bound  Brook,  1890-189S. 


[Drainage  area,  879  square  mllee.] 


Month. 


1890. 

February  17  to  88 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

1891. 

JaOQMT 

February 

March 

Apra 

May 

June 

July 

August 

September -. 

October 

November 

December 

1880. 

January  

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

1898. 

January  

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


Rain. 


Inche». 
1.58 
6.26 
2.74 
4.96 
3.97 
5.68 
5.18 
4.18 
6.74 
.88 
8.55 


5.58 
1.19 
3.98 
2.02 
4.62 
4.06 
4.11 
3.61 
2.75 
.32 
6.99 
1.68 


3.39 
6.28 
3.14 
4.65 
4.28 
3.67 
3.14 
8.27 
3.60 
3.86 
3.59 
8.12 


Inches. 
0.98 
6.13 
2.26 
1.96 
1.32 
1.18 
1.58 
1.34 
3.06 
1.30 
2.16 


7.08 

4.92 

4.21 

3.47 

4.64 

4.47 

1  83 

1.62 

2.70 

.69 

1.75 

.24 

3.92 

.28 

6.58 

.94 

1.72 

.86 

2.68 

.43 

2.21 

.54 

4.74 

2.36 

4.57 

1.31 

2.59 

1.25 

1.47 

1.60 

.57 

.47 

.31 

.24 

2.18 

1.29 


2.11 

4.16 

5.27 

4.00 

3.30 

.64 

.43 

1.45 

.71 

.95 

1.50 

2.68 


Flow  in  aecond-feet. 

Average. 


Greatest. 

Least. 

2.772 

1,406 

17.818 

872 

3,265 

874 

4,000 

752 

2,824 

426 

2,022 

496 

3,405 

498 

2,823 

493 

7,133 

869 

1,779 

781 

7,526 

462 

23,746 

420 

6,066 

1,295 

10.142 

1,386 

3,439 

512 

736 

245 

5(19 

113 

826 

180 

5,804 

148 

2,584 

263 

804 

208 

1,174 

201 

8,215 

292 

22,760 

990 

6,182 

720 

7,941 

796 

1,808 

677 

3,177 

513 

10,927 

443 

2,764 

180 

2,201 

180 

ni 

180 

201 

122 

20,098 

122 

2,610 

609 

12,614 

720 

15,772 

1,228 

19,126 

878 

10,091 

918 

10,987 

387 

2,130 

180 

820 

180 

5,893 

180 

3,284 

157 

4,494 

180 

7,362 

291 

2,098 

180 

1,938 
4,7127 
1,773 
1,489 
1,010 
896 
1,206 
1,064 
2,300 
1,016 
1,654 


8,738 

2,981 

8,404 

1,27B 

450 

189 

213 

tl6 

687 

328 

426 

1.7« 


8,482 

1,006 

1.974 

905 

1,120 

1,261 

434 

368 

244 

183 

1,718 

983 


1,006 

8,484 

4,016 

8,152 

1,515 

504 

828 

1,105 

560 

784 

1,190 

2,004 


As  a  source  of  water  power  the  Raritan  River  is  not  so  important 
as  the  size  of  the  drainage  area  and  the  fall  of  the  river  would  indi- 
cate. The  tributaries  are  widely  divergent,  and  do  not,  as  in  the 
most  valuable  power  streams,  join  in  a  common  course  at  any  consider- 
able distance  above  the  mouth  of  the  river.  In  this  case  the  impor- 
tant branches  of  the  system  are  not  united  until  they  arrive  at  a  point 
within  7  miles  from  the  head  of  tide  water  and  even  then  at  an  eleva- 
tion of  only  17  feet.     The  largest  developed  power  is  at  High  Bridge, 
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on  the  South  Branch.     The  extreme  floods  above  mentioned  occur 
frequently,  unfitting  the  banin  for  any  large  development  of  power. 

It  would  seem,  upon  first  consideration,  that  the  Raritan  River  is 
not  especially  valuable  as  a  source  of  water  supply.  In  quick-spilling 
basins  large  amounts  of  suspended  matter  are  brought  down,  and  in 
this  river  there  is  nearly  always  apparent  a  varying  amount  of  red 
mud.  Upon  settlement,  however,  the  water  is  suitable  for  public 
use,  and  there  is  no  reason  why  excellent  water  supplies  could  not  be 
derived  from  this  stream  by  proper  management;  but  up  to  the  pres- 
ent time  the  river  has  been  very  little  utilized  for  this  purpose. 

TRIBUTARIES  OF  THE  RARITAN. 
SOUTH  RIVER. 

This  river  rises  in  or  near  Freehold  Township,  at  a  point  20  miles 
due  south  from  where  it  empties  into  the  Raritan  at  Sayreville.  ITie 
flow  is  much  more  steady  than  that  of  any  other  branch  of  the  sys- 
tem, and  this  has  led  to  an  extensive  use  of  the  stream  as  a  source  of 
power.  No  large  water  supply  can  well  be  conserved  in  this  drain- 
age area.  At  the  present  time,  it  is  true,  the  city  of  Perth  Amboy 
derives  its  water  from  Tennent  Brook,  a  tributary  of  South  River, 
but  the  daily  consumption  amounts  to  practically  the  normal  yield  of 
the  watershed.  It  would  be  possible,  by  careful!}'  selecting  sites  for 
small  reservoirs,  to  conserve  several  small  supplies  which,  when  com- 
bined, would  be  of  considerable  value. 

NORTH  BRANCH  OF  THE  RARITAN. 

The  drainage  area  of  North  Branch  occupies  191.6  square  miles,  in 
the  northernmost  portion  of  the  Raritan  Basin.  It  is  sharply  divided 
into  the  highland  area  and  red  sandstone  plain,  the  former  occupying 
the  greater  part  of  the  country  tributary  to  this  branch.  It  lies  at  an 
elevation  of  800  to  1,100  feet,  30  per  cent  of  which  is  in  forest.  The 
population  averages  72  per  square  mile.  The  red  sandstone  plain  has 
an  elevation  of  from  200  to  300  feet. 

Mr.  C.  C.  Vermeule,  author  of  the  report  of  the  Geological  Survey 
of  New  Jersey  above  referred  to,  estimates  that  there  are  7.8  horse- 
power per  foot  of  fall  at  the  mouth  of  North  Branch.  In  the  entire 
tributary  there  are  developed  1,052  horsepower  at  46  sites. 

There  are  many  possibilities  for  developing  excellent  water  sup- 
plies in  the  basin  of  the  North  Branch.  Mr.  Vermeule  states  that  on 
the  Lamlngton  River,  which  is  the  main  affluent  of  the  tributary,  there 
is  an  area  of  31.4  square  miles  above  the  500- foot  contour  which  can 
be  developed  to  yield  21,000,000  gallons  daily.  Similarl}'^  on  the  North 
Branch,  above  the  junction  of  Peapack  Brook,  there  is  a  drainage  area 
of  29.1  square  miles,  from  which  may  be  derived  19,000,000  gallons  a 
day.  At  other  points  in  the  basin  there  may  be  economically  gath- 
ered a  total  of  about  20,000,000  gallons  daily. 
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SOUTH  BRANCH   OF  THE   RARITAN. 

This  branch  drains  276.5  square  miles  of  territory,  which  is  divided 
into  the  highland  area  and  red  sandstone  plain,  like  that  on  the 
North  Branch.  In  this  case,  however,  the  plain  occupies  the  larger 
part  of  the  basin,  with  an  average  elevation  of  about  400  feet.  Budd 
Lake,  already  described,  lies  at  the  head  of  the  South  Branch. 

As  a  source  of  water  power  South  Branch  has  been  rather  exten- 
sively developed.  At  67  sites  there  is  developed  a  total  net  horse- 
power of  2,681. 

As  a  source  of  water  supply  the  entire  basin  has  a  capacity  of  nearly 
100,000,000  gallons  daily,  with  7  inches  storage.  Budd  Lake  has  a 
watershed  of  4.5  square  miles,  is  at  an  elevation  of  933  feet,  and 
affords  a  pondage  which  will  supply  3,000,000  gallons  daily. 

POLLUTION  IN  RARITAN  RIVER. 

The  country  included  in  the  drainage  basin  of  the  Raritan  has  not 
yet  been  sufficiently  developed  to  be  damaged  to  any  great  extent  by 
sewage,  except  possibly  in  the  lower  part.  On  the  highland  tributaries 
there  are  few  important  towns,  and  the  character  of  the  water  is  not 
affected  to  any  great  degree  by  pollution.  The  first  city  above  the 
mouth  of  the  Raritan  is  New  Brunswick,  which  has  a  population  of 
20,006.  The  river  at  this  point  is  tidal  and  within  the  limit  of  salt- 
water influence.  Damage  done  by  pollution  can  therefore  be  only 
that  which  arises  from  the  general  nuisance  accompanying  the  dis- 
charg3  of  sewage. 

A  few  miles  above  New  Brunswick  is  Bound  Brook,  a  borough  of 
2,622  inhabitants,  while  farther  on  are  Somerville  and  Raritan,  towns 
of  4,843  and  3,244  inhabitants,  respectively.  These  three  places  con- 
tribute a  certain  amount  of  i)ollution,  which,  while  it  does  not  do  any 
appreciable  damage  to  the  general  resources  of  the  river,  certainly 
unfits  it  for  use  as  a  source  of  water  supply  without  filtration. 

Above  Raritan  there  are  numerous  small  villages  of  a  few  hundred 
inhabitants,  but  aU  of  these  are  unimportant  as  agencies  of  pollution. 

The  Raritan  River,  in  spite  of  its  proximity  to  the  metropolis  of  the 
United  States,  strangely  enough,  presents  a  fairly  clean  record  as  to 
pollution  except  in  a  limited  area  about  the  mouth  of  the  stream.  It 
is  thus  notable,  especially  when  contrasted  with  other  rivers  in  this 
part  of  the  country,  and  the  contrast  shows  in  a  striking  manner 
the  difference  between  water  resources  yet  unimpaired  and  those 
which  have  been  injured  or  destroyed  by  careless  and  inconsiderate 
municipal  management.  In  this  case  we  find  that  in  the  majority  of 
tributaries  the  water  flowing  out  of  the  Raritan  Basin  is  fit  for  imme- 
diate use  in  a  public  supply.  The  water  powers  developed  have  not 
been  reduced  in  value  by  reason  of  any  nuisance  arising  from  the  con- 
centration of  municipal  sewage  behind  the  various  milldams.     Fish- 
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eries  have  been  preserved  intact.  The  ice,  as  far  as  it  is  harvested, 
is  above  reproach,  and  the  whole  country  is  available  for  economic 
development.  T^et  ns  see  how  it  appears  in  the  case  of  a  river 
draining  the  country  immediately  adjoining. 

PASSAIC  RIVEK. 

By  far  the  most  valuable  drainage  system  in  New  Jersey  is  that  of 
the  Passaic.  It  comprises  a  territory  of  941.1  square  miles,  in  which 
are  situated  the  drainage  areas  of  the  Passaic  proper  (Including  the 
upper  and  lower  valleys),  the  Saddle,  Ramapo,  and  Wanaque  rivers, 
which  extend  into  New  York  State  on  the  north,  and  the  Pequanac, 
Rockaway,  and  Whippany  on  the  west.  Within  this  territory  there 
are  said  to  be  8  square  miles  of  lakes  and  26  square  miles  of  swamp 
land. 

The  Passaic  River  rises  in  Morris  County,  in  a  region  adjacent  to 
that  from  which  the  North  Branch  of  the  Raritan  is  derived.  Its 
course  is  exceedingly  irregular,  passing  in  or  adjacent  to  six  counties 
before  finally  reaching  Newark  Bay.     The  distance  from  source  to 


(miles) 


Pio.  1.— Proflle  of  Paaealc  River. 


mouth  in  a  direct  line  is  about  25  miles,  while  the  river  measures  some- 
what over  80  miles  in  its  course. 

The  profile  of  the  river  is  interesting  and  shows  clearly  the  amount 
of  power  available  in  the  lower  valley.  Tide  influence  extends  about 
13  miles  above  the  mouth  of  the  river,  to  a  point  nearly  opposite 
Passaic.  Commerce  is  developed  extensively  at  Newark,  and  the 
river  is  navigable  to  the  head  of  tide  water.  Four  miles  above  this 
point  is  Dundee  dam  (see  PL  III,  A)^  the  lowest  power  site  in  the 
main  river.  Above  it  is  a  drainage  area  of  822.4  square  miles.  The 
fall  is  22  feet,  and  the  net  horsepower  developed  is  1,235.  The  eleva- 
tion of  the  crest  of  Dundee  dam  is  27  feet  above  mean  tide.  From 
this  point  there  is  a  rise  of  13  feet  in  7.5  miles  to  the  foot  of  the  Great 


16 


SEWAGE   POLLUTION    NEAR   NEW    YORK   CITT. 


[no.7)S. 


Falls  of  the  Passaic  (see  PI.  I,  B),  an  imposing  cataract,  sheer  70 
feet  in  height.  In  a  distance  of  4  miles,  from  the  top  of  Great  Falls  to 
the  foot  of  Little  Falls,  there  is  a  rise  of  8  feet.  The  series  of  falls  and 
rapids  at  Little  Falls,  together  with  the  height  of  the  dam  at  the  crest, 
make  a  total  rise  of  40  feet.  This  point  is  the  head  of  power  on  the 
main  river;  it  marks  the  boundary  between  the  middle  and  lower  val- 
leys of  the  Passaic,  uniting  the  drainage  from  an  area  of  772.9  square 
miles.  The  elevation  is  about  158  feet  above  mean  tide,  and  the  dis- 
tance from  tide  water  is  only  15  miles. 

At  Two  Bridges,  a  short  distance  above  Little  Falls,  Pompton  River 
enters  the  Passaic.  Above  Two  Bridges  the  Passaic  follows  a  wind- 
ing channel  22  miles  long,  through  a  large  meadow  area,  until  at  Chat- 
ham, at  an  altitude  6  feet  above  Two  Bridges,  the  bed  takes  a  sharper 
grade.  From  this  point  to  the  source  of  the  stream,  a  distance  of  18 
miles,  there  is  a  rise  of  72  feet. 

The  resources  of  the  river  that  are  developed  most  completely  in 
the  lower  valley  of  the  main  stream  are  considered  in  detail  in  Vol. 
Ill  of  the  report  of  the  Geological  Survey  of  New  Jersey  and  in  the 
report  of  the  Tenth  Census  (Vol.  XVI,  pp.  647-652),  so  that  only  a 
general  description  will  be  given  here.  From  mean  tide  up  to  the 
crest  of  Little  Falls,  102  feet  is  developed  and  only  25  feet  of  the  remain- 
der is  available  for  development.  The  Dundee  dam  is  450  feet  long 
and  impounds  a  lake  of  224  acres,  diveiling  th«  entire  flow  of  the 
river  in  dry  seasons.  There  is  here  a  continuous  horsepower  during 
nine  months  of  the  year  of  36.18  i)er  foot  fall,  which,  when  used  ten 
hours  a  day,  allows  the  Dundee  Water  Power  and  Land  Company  to 
i*ent  1,764  horsepower.  The  fall  of  the  stream  has  been  carefully 
recorded  at  this  point  since  1877,  and  the  results  of  the  record  are 
given  in  Tables  II  and  III.  These  are  compiled  from  a  diagram  in 
the  report  of  the  New  Jersey  geological  survey  above  referred  to. 

Table  n. — Daily  flow  of  Passaic  River  at  Paterson  ajid  Dundee, 

[Inches  on  watershed.] 


Jan. 

Feb. 

0.081 
.138 
.071 
.092 
.131 
.171 
.115 
.215 
.081 
.189 
.171 
.138 
.087 
.118 
.206 
.052 
.206 

Mar. 

Apr. 

0.107 
.046 
.148 
.030 
.042 
.117 
.098 
.094 
.115 
.114 
.087 
.195 
.137 
.099 
.076 
.054 
.130 

May. 

June. 

0.021 
.054 
.034 
.012 
.066 
.081 
.024 
.022 
.016 
.084 
.069 
.014 
.069 
.051 
.015 
.038 
.077 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

0.164 
.068 
.012 
.027 
.018 
.019 
.044 
.Of« 
.089 
.032 
.021 
.106 
.215 
.047 
.006 
.048 
...... 

Dec. 

Yearly 
aver- 
age. 

1877 

0.029 
.084 
.027 
.115 
.087 
.009 
.091 
.092 
.IJ^ 
.109 
.105 
.146 
.192 
.006 
.192 
.158 
.121 

O.802 
.128 
.182 
.080 
.215 
.127 
.108 
.157 
.066 
.097 
.118 
.166 
.104 
.107 
.109 
.066 
.227 

o.oa2 

.056 

.066 
.036 
.029 
.106 
.063 
.067 
.054 
.113 
.039 
.024 
.104 
.087 
.029 
.045 
.155 

0.016 
.027 
.036 
.013 
.037 
.061 
.033 
.043 
.016 
.017 
.080 
.013 
.068 
.031 
.014 
.019 
.026 

0.015 
.068 
.051 

"."oio" 

.018 
.013 
.030 
.006 
.018 
.052 
.084 
.145 
.035 
.023 
.019 
.023 

0.013 
.018 
.061 
.012 
.010 
.197 
.013 
.010 
.010 
.010 
.014 
.160 
.142 
.161 
.023 
.014 
.020 

0.096 
.019 
.010 
.011 
.010 
.043 
.047 
.019 
.027 
.018 
.027 
.015 
.055 
.084 
.012 
.011 
.041 

0.061 
.237 
.075 
.081 
.062 
.0H8 
.024 
.011 
.102 
.087 
.109 
.138 
.148 
.051 
.066 
.039 
.(^ 

0.071 

18^8 

18^ 

.076 
.061 

1880 

.041 

1881 

.064 

1882 

1883 

.094 
.050 

1884 

1886 

.066 
.063 

1886 

.086 

1887 

.074 

1888 

.096 

1889 

.123 

1890 

,077 

1891 

.071 

1898 

.046 

1893 

.066 

Monthly 
average.. 

.101 

.133 

.1.36 

.099 

.064 

.Uft) 

.033 

Am 

.050 

.032 

.067 

.070 

]  PA38AI0   EIVER. 

Tabi^  III.— /)ai7y;lwir  of  Passaic  River  at  Patermn  and  Dundee. 
[Cable  feet  per  second.] 


CoDcerning  the  insthods  of  observation  and  accuracy  of  the  deter- 
minations set  down  in  Tables  II  and  III,  Mr.  C.  C.  Vermeule,  author 
of  the  report,  says: 

We  have,  bj  the  conrteflr  of  seTcral  luiera  of  wtiter  power,  been  able  to  obtain 
meamirements  of  flow  uovering  a  period  of  seventeen  years  and  a  very  wide  range 
of  rainfall  conditions,  from  70.88  to  37.03  tumn&Uy.  These  gagings  were  at  Little 
Falls  and  points  below,  and  have  beenrednced,  compared,  andadjnsted,  two  series 
being  for  several  years  contemporaneons.  The  resnlts  we  have  much  confidence 
in.  They  are  consistent,  and  bear  the  test  of  close  analysis  as  well  as  any  series 
of  gagingB  we  have  made. 

Table  II  gives  the  average  daily  flow  in  inches  upon  the  watershed 
for  each  month  of  the  period  1877-1893,  and  also  the  daily  flow  for 
each  year  and  the  monthly  averages  for  the  whole  terra.  Table  III 
gives  similar  information,  except  that  it  is  expressed  in  terras  of  cubic 
feet  per  second  actually  flowing  through  the  channel. 

The  power  site  at  Great  Falls,  Paterson,  is  one  of  the  oldest  large 
water  powers  in  the  United  States.  Above  the  head  of  the  falls  is  a 
low  stone  dam,  affording,  however,  sufficient  pondage  to  concentrate 
the  entire  dry  season  flow  into  working  hours.  The  Society  fur 
Establishing  Useful  Manufactures,  which  controls  this  jmwer,  receives 
about  $36  per  gross  horsepower  per  annum  for  al>out  2,300  horse- 
power, but  the  dry-weather  flow  does  not  supply  more  than  half  of 
this,  and  the  power  is  not,  therefore,  guaranteed.  The  (ronservanee 
of  water  from  the  upper  Peqnanac  area  for  the  eity  of  Newark  and 
the  lar^e  drafts  upon  the  river  at  Little  Falls  for  the  supply  of 
Paterson,  Passaic,  and  Jersey  City  have  increased  the  uncertainty  of 
the  power  at  this  plaw.     The  Roekaway  area  is  now  being  set  apart 
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for  the  use  of  Jersey  City,  and  it  is  expected  that  the  constantly 
increasing  demands  of  the  water-supply  interests  will  soon  bring 
the  power  values  to  a  very  low  basis.  The  power,  both  at  Dundee  and 
Great  Falls,  has  passed  into  the  control  of  the  New  Jersey  General 
Security  Company,  a  corporation  closely  allied  to  the  East  Jersey 
Water  Company,  and  the  contest  between  power  and  water-supply 
interests  which  was  at  one  time  probable  has  been  averted. 

At  Little  Falls  about  450  horsepower  was  developed,  but  it  has 
been  gi'eatly  reduced  by  the  lowering  of  the  dam  for  the  purpose 
of  draining  the  Great  Piece  Meadows,  a  wide  area  over  which  the 
water  stands  for  days  during  freshets.  The  actual  power  value  is 
therefore  not  great.  Since  the  assumption  of  control  by  the  East 
Jersey  Water  Company,  the  necessity  for  greater  pondage  has  not 
been  evident,  sufficient  being  necessary  to  properly  flood  the  water 
intake  only.  This  intake  is  located  on  the  nort.h  side  of  the  river,  a 
little  above  and  at  a  short  distance  from  the  dam.  Above  the  mead- 
ows the  power  sites  on  the  main  stream  are  not  of  prreat  imi)ortanoe. 

This  stream  forms  a  nucleus  for  a  water  supply  which  in  cax>acity 
and  quality  can  not  be  excelled  in  the  metropolitan  district,  and  from 
the  manner  in  which  it  is  now  being  developed  it  is  probable  that  at 
no  distant  date  that  part  of  the  river  between  Little  Falls  and  Passaic 
will  lose  much  of  its  value  as  a  source  of  power. 

TRIBUTARIES  OP  THE  PASSAIC. 

The  Pompton  River,  which  joins  the  Passaic  at  Two  Bridges,  above 
Little  Falls,  combines  the  flow  of  the  Ramapo,  Wanaque,  and  Pequanac, 
representing  a  combined  area  of  379.9  square  miles.  Through  the 
Great  Piece  Meadows  flows  Rockaway  River,  draining  138.4  square 
miles,  and  farther  up  the  Whippany,  draining  71.1  square  miles. 
Each  of  these  areas  forms  by  itself  a  gathering  ground  from  all  of 
which,  except  the  latter,  can  be  diverted  water  supplies  equal  to  almost 
any  emergency  which  the  great  cities  of  northern  New  Jersey  are 
likely  to  encounter  during  the  next  century.  The  Rockaway  and 
Pequanac,  as  stat<ed  above,  have  already  been  claimed.  The  Ramapo 
is  now  under  the  control  of  a  New  York  corporation,  which  endeavored 
to  secure  a  metropolitan  monopoly.  There  remain  only  the  Wanaque, 
a  small  available  area  in  the  Whippany,  and  the  Upper  Passaic  for 
future  development.  These  will  be  considered,  each  by  itself  as 
a  separate  stream,  after  we  have  examined  the  Passaic  proper  as  a 
source  of  supply. 

In  spite  of  the  largely  diverted  drainage  of  its  highland  tributaries, 
the  Passaic  will  always  be  a  valuable  source  of  water  supply,  for  it 
possesses  a  large  drainage  area  of  itself.  Above  Little  Falls,  on  the 
jpusLin  river,  there  is  at  the  present  time  a  supply  that  will  afford, 
Witl^out  storage,  nearly  88,000,000  gallons  daily.     With  the  highland 
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tribntaries  diverted,  as  they  are  likely  to  be  in  the  future,  there  will 
still  be  a  drainage  area  of  208  square  miles,  affording  a  supply  of 
approximately  25,000,000  gallons  daily,  without  storage.  For  years 
the  cities  of  Newark  and  Jersey  City  took  water  from  the  river  at  Belle- 
ville, below  Passaic,  amounting  to  from  30,000,000  to  40,0(K),000  gal- 
Ions  daily.  The  intakes  are  now  out  of  use,  Newark  having  gone  up 
to  the  Pequanac  area  for  its  water  supply  and  Jei-sey  City  to  Little 
Falls  temporarily,  until  the  supply  from  the  Rockaway  shall  have  been 
established.  Immediately  above  Little  Falls,  on  the  meadows,  there 
is  no  good  point  on  the  Passaic  for  a  reservoir,  and  the  large  area  of 
flat  land  causes  generally  muddy  and  unsatisfactory  water.  Above 
this,  in  the  upper  Highlands,  is  an  excellent  basin,  called  Great  Pas- 
saic Swamp,  which  might  easily  be  set  apart  as  a  storage  reservoir. 
The  drainage  area  is  small  and  rather  thickly  populated,  yet  the  situa- 
tion remains  available  and  can  be  used  in  case  of  need. 

SADDLE  RIVER. 

This  is  the  lowest  and  least  important  branch  in  the  Passiac  system. 
It  rises  in  Rockland  County,  New  York  State,  flows  south  for  17  miles 
and  empties  into  the  Passaic  about  12  miles  from  the  mouth.  The 
drainage  area  contains  60.7  square  miles,  underlain  by  the  red  sand- 
stone common  to  the  main  basin.  It  has  8  square  miles  of  drainage 
area  in  New  York  State,  and  the  population,  according  to  the  report 
of  the  Geological  Survey  of  New  Jersey  in  1894,  was  about  122  per 
square  mile.  As  a  source  of  water  power  the  river  is  not  important. 
Out  of  a  total  fall  of  90  feet  there  have  been  utilized  about  60.5  feet, 
the  power  from  which  is  divided  into  47  sites  along  the  river,  repre- 
senting a  gross  horsepower  of  1,700.  It  is  fairly  good  gathering 
ground  for  a  limited  water  supply,  and  might  be  developed  as  an 
auxiliary  to  be  used  in  an  emergency.  With  a  storage  of  7.5  feet 
ux>on  the  reservoir  it  would  yield  14,000,000  gallons  daily. 

RAMAPO   RIVER. 

Although  emptying  into  the  Passaic  by  way  of  Pompton  River,  this 
stream  belongs  largely  to  New  York  State,  as  about  70  per  cent  of  the 
160.7  square  milesof  drainage  area  is  located  beyond  the  Jersey  limits. 
About  75  per  centof  this  area  is  forested,  and  the  population  is  approx- 
imately 60  per  square  mile.  Gagings  of  the  flow  of  the  river,  extend- 
ing through  a  period  of  two  years,  were  made  at  the  works  of  the 
Pompton  Steel  and  Iron  Company,  and  are  compiled  in  Table  IV, 
which  is  taken  from  the  report  of  the  Geological  Survey  of  New 
Jersey  (Vol.  Ill,  1894,  p.  168). 
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Table  IV. — Flew  of  Ramapo  River  at  Pompton. 

[DrAinage  area,  150.5  aqtiare  miles.] 


Month. 


Pebmary  7  to  28 . 
March 


1890. 


April ». 


API 

Ma- 


June  

July 

August 

September. 

October 

November . 
December.. 

January 

February . . 
March 


1890-91. 


April. 
May.. 


June  to  May 


Rain. 


Inches. 
4.46 
6.40 
2.68 
4.72 


4.96 
6.06 
4.75 
4.14 
6.95 

.n 

4.02 
8.51 
4.60 
4.25 
2.80 
2.70 


54.43 


June 

July 

August 

September . 

October 

November . 
December. 

January 

February  . 

March 

April 

May 


1891-92. 


June  to  May 


2.13 
4.88 
5.54 
2.28 
2.39 
2.93 
4.77 
6.65 
1.84 
8.65 
1.73 
4.66 


41.95 


June 

July 

August 

September 
October 


1802. 


4.07 
8.37 
4.36 
1.97 
.68 


Plow. 


Flow  in  cubic  feet  per  sec- 
ond. 


Great- 
est. 


Inches. 

8.20 

1«013 

4.85 

2,020 

3.06 

1,062 

2.76 

762 

1.25 

.94 

.80 

1.51 

2.22 

1.10 

1.77 

6.36 

5.28 

5.23 

2.34 

.67 


20.47 


.37 

.81 

.96 

.67 

.30 

1.47 

2.78 

6.65 

1.10 

2.90 

1.38 

1.88 


19.16 


2.00 


334 
838 

601 

048 

839 

320 

1,683 

4,652 

2,130 

1,686 

605 

187 


70 

70 

586 

318 

53 

601 

1,175 

1,040 

267 


Least. 


Average. 


277 
277 
281 
170 


55 

40 
41 
56 

01 

80 

80 

818 

264 


148 
41 


298 

748 


33 

22 

33 

40 

40 

88 

104 

267 

123 

147 

117 

01 


643 
643 
420 
377 


176 
125 
106 
200 
801 
166 
288 
870 
853 
729 
835 
04 


62 
44 

135 
04 
42 
207 
891 
704 
167 
828 
188 
258 


1,095 


46 


281 


OagingB  Oct.  10,  22.6  cubic  feet  per 
second. 


At  Pompton,  1.5  miles  above  the  confluence  of  the  Ramapo  with 
the  Pompton,  the  Ramapo  has  a  fall  of  29  feet.  The  lake,  which  is 
traversed  by  a  7-foot  dam,  is  about  202  acres  in  extent.  The  power 
developed  at  this  place,  as  estimated  by  Mr.  Vermeule,  is  17.04  horse- 
power per  foot  fall.  There  are  many  other  sites  on  the  watershed 
which  are  not  yet  developed,  but  none  are  of  gi*eat  importance.  The 
river  has  never  been  a  favorite  power  stream. 

In  many  ways  Ramapo  River  is  a  favorable  gathering  ground  for  a 
city  water  supply.  The  name  has,  during  the  past  few  years,  become 
well  known  in  the  metropolitan  area  b}'^  reason  of  the  existence  of  a 
water  corporation  known  as  the  Ramapo  Company,  which  endeavored 
to  acquire,  and  almost  succeeded  in  obtaining,  the  most  valuable 
water  franchise  in  America — that  of  New  York  City — charging  rat-es 
which,  at  the  end  of  the  contract  period,  would  involve  a  loss  to  the 
city  of  New  York  of  about  $190,000,000.     Although  this  corporation 
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controls  the  water  rights  on  the  New  York  part  of  the  drainage  area, 
this  portion  was  not  included  as  a  soarce  of  supply  in  the  plan  that 
was  presented  to  the  city  of  New  York.  The  river  yields,  without 
storage,  at  Pompton,  14,500,000  gallons  daily.  With  a  storage  equal  to 
7  inches  upon  the  watershed,  the  available  supply  would  be  approx- 
imately 120,000,000  gallons  daily. 

WANAQUE   RIVER. 

In  its  general  geographic  course  this  stream  is  not  unlike  the  Ramapo. 
Greenwood  Lake  (see  PI.  IV,  J.),  situated  on  the  line  between  New 
York  and  New  Jersey,  and  extending  into  New  York  State  about  3 
miles,  and  Sterling  Lake,  entirely  within  New  York  State,  afford 
excellent  pondage.  Greenwood  Lake  has  an  elevation  of  621  feet,  has 
6  square  miles  of  surface,  and  receives  the  drainage  of  28  square 
miles.  Its  storage  capacity,  according  to  Croes  and  Howell,  is 
134,000,000  gallons,  and  it  will  supply  18,000,000  gallons  daily  through- 
out the  year.  Sterling  Lake  has  an  area  of  321  acres  and  a  watershed 
of  4.69  square  miles.  It  will  supply  throughout  the  year  about 
3,000,000  gallons  daily. 

The  only  series  of  gagings  available  for  Wanaque  River  is  that  made 
under  the  direction  of  the  Geological  Survey  of  New  Jersey  at  the  dam 
near  Pompton  station.  These  gagings  cover  a  period  when  the  stream 
is  least  affected  by  drafts  from  Greenwood  Lake,  and  are  compiled 
in  Table  V. 

Table  Y.'—Flow  of  Wanaque  River,  1890-91, 


[Drainage  area,  101  Bquare 

miles.] 

Month. 

Rain. 

Plow. 

Flow  in  cubic  feet  per 
'  second. 

Great- 
est. 

Least. 

Average. 

October 

1890. 

Inches. 
6.06 
.77 

2.48 
.03 

684 
126 

91 
44 

44 
91 

217 

Noyember --  -      --  -  ---  

84 

December 

4.02 

8.51 
4.60 
4.26 
2.80 
2.96 

27.04 

1.58 

6.27 
5.51 
5.56 
1.92 
.61 

799 

4,948 

1,107 

914 

dOB 

77 

188 

Jfixmarv  . . 

189L 

549 

F<^bm*ry 

217 

548 

March  .'. 

217 
92 
45 

516 

AprU 

174 

May    

54 

• 

May 

December  to 

21.45 

Log 

B.  5.58  InchAR- 

On  account  of  the  large  pondage,  the  flow  of  this  river  could  be 
made  comparatively  uniform,  and  the  power  developed  would  be  of 
considerable  value.  At  the  mouth  of  the  river  there  are  about  10 
horsepower  per  foot  fall,  a  part  of  which  is  contributed  by  Greenwood 
Lake.  Power  sites  are  available  in  the  upper  parts  of  the  stream, 
and  the  one  located  in  the  Ringwood  district  could  be  developed  to 
yield  a  steady  horsepower  of  2,000  during  working  hours. 
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This  riv,er  fonns  another  excellent  source  of  city  supply.  It  has 
already  been  stated  that  there  is  a  pondage  representing  the  drainage 
from  33  square  miles.  For  the  remaining  run-oflf  water  there  are 
good  sites  for  conservance,  and  with  a  total  utilization  of  14  inches 
upon  the  watershed  there  would  be  afforded  a  supply  of  75,000,000 
gallons  daily.  Of  the  watershed,  28.2  square  miles  are  in  New  York, 
and  80  per  cent  of  the  entire  area  is  forested. 

PEQUANAC   RIVER. 

Mr.  Vermeule,  author  of  the  report  of  the  Geological  Survey  of 
New  Jersey  above  quoted,  describes  the  Pequanac  River  as  follows 
(p.  175) : 

This  is  another  branch  of  the  Passaic,  and  with  the  Ramapo  and  Wanaqne  forms 
the  Pompton  River  just  below  Pompton.  Its  drainage  area  lies  high  on  the 
Archean  highlands.  For  nearly  its  whole  course  it  flows  transversely  to  the 
ridge  and  valley  structure  of  these  highlands,  thus  differing  from  the  Ramapo 
and  Wanaque,  which  flow  through  deep  valleys.  The  headwaters  of  the 
Pequanac  are  at  an  elevation  of  nearly  1 ,500  [feet] ,  while  the  mouth,  at  Pomp- 
ton, is  only  170,  consequently  the  stream  has  great  fall.  From  Post's  dam  at 
Riverdale,  2  miles  above  the  junction  of  the  Ramapo,  to  New  Foundland,  12.5 
miles  above,  the  fall  is  45  feet  per  mile;  thence  to  Wallace's  comers  it  is  9.2  feet 
per  mile  for  6.5  miles;  for  2  miles  above  this,  to  Stockholm,  it  is  30  feet  per  mile. 
The  watershed  is  6  or  7  miles  wide  by  16  miles  long  and  the  branches  are  qtdte 
uniformly  distributed  along  the  course  of  the  main  stream,  mostly  coming  in 
from  the  northeast.    Forests  cover  78  per  cent  of  the  area. 

The  flow  of  the  river  is  compiled  in  Tables  VI  and  VII,  the  first  of 
which  was  made  under  the  direction  of  the  Geological  Survey  of  New 
Jersey,  while  the  second  was  made  by  Mr.  Clemens  Herschell,  chief 
engineer  of  the  East  Jersey  Water  Company. 

Table  VI. — Flow  of  Pequanac  River  at  Riverdale, 
[Drainage  area,  84.7  aquare  miles.] 


Rain. 

Plow. 

Inches. 

8.38 

4.02 

2.70 

.20 

Flow  in  cubic  feet  per 
second. 

Montii. 

Great- 
est. 

Least. 

Ayerage. 

1890. 
Pehmarv -.  ...^-- ^  --      

Inches. 
4.45 
6.40 

.      2.68 
.81 

686 
891 
882 
155 

125 

155 

75 

74 

2r3 

March      ,,.,_.-    .  «  .  -        .  ._ 

296 

April  

206 

May  lto6 

91 

Jnne                                       ..          

July                                      .               

August                                   

September  S7  to  80 

.58 

6.95 

.77 

.06 
3.61 
1.42 

1.03 

5.17 
5.05 
4.12 
1,50 
.62 

90 
960 
3U1 

•       25 

45 

0<^l)er 

25  !             »4 

November 

25  >             100 

December                      -  

4.(B 

8.51 
4.50 
4.25 
2.80 
2.70 

487 

2,362 

1,884 

688 

234 

77 

25 

48 
46 
46 
46 
45 

75 

1891. 
January .  -.    .  --.  -. 

387 

February            T 

276 

Man^h           ...                    -  

iflte 

April 

215 

May 

o3 

*"*"" J  --..-.  ......  .....•....•-.-•..-•->••.•-.•''- 

Deopmlier  to  Mav 

26.78 

17.49 

.1 
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Table  Vll. — Flow  of  Pequanae  River  at  Macopin  intake, 

[Drainage  area,  68.7  square  miles.] 


Month. 


Jnne 

July 

August 

September 
October... 
November 
December. 
January... 
February  . 

March 

April 

May 


i8Bi-f)e. 


Jnne  to  May 


Jxme 

July 

August 

September . 

October 

November . 
December. 

January 

February  . 

Murch 

April 

May 


1W«-9B. 


June  to  May 


Bain. 


Inches. 
1.76 
5.01 
5.75 
1.98 
2.11 


Plow. 


JndkM. 

0.55 
.27 

l.» 
.90 
.84 


Average  weekly  flow  in 
cubic  feet  per  second. 


Qreat- 
eet. 


48 
20 
254 
90 
23 


Least. 

Average 

&19 

1.78 

172  1 

16 

97 

4.99 

3.77 

415  ' 

105 

212 

5.95 

5.96 

450 

\T6 

335 

.99 

1.68 

115 

T2 

92 

4.80 

2.58 

188 

125 

145 

1.48 

L78 

12K 

44 

97 

5.89 

2.17 

190 

70 

122 

42.80 

23.02 

1 

. . 

_^  _    

, 

4.83 

2.87 

221 

76 

188 

3.88 

.53 

40 

15 

80 

4.63 

.53 

40 

12 

80 

2.06 

.47 

53 

8 

26 

.71 

.16 

10 

8 

8.8 

6.80 

1.53 

224 

24 

86 

1.55 

1.62 

140 

58 

92 

4.07 

1.86 

212 

60 

104 

6.72 

8.73 

293 

124 

212 

8.55 

6.82 

614 

331 

888 

4.83 

4.26 

277 

196 

240 

5.66 

4.96 

606 

104 

280 

48.74 

28.86 

' 

In  past  years  this  river  has  been  important  as  a  power  stream,  aboat 
18  sites,  with  a  total  of  1,034  horsepower,  having  been  developed. 
They  have  nearly  all  been  acquired  by  the  East  Jersey  Water  Com- 
pany and  the  city  of  Newark,  and  the  whole  drainage  area  will  even- 
tually be  reserved  for  water  supply.  There  remain  notable  power 
sit-es,  such  as  those  at  Butler  and  Bloomingdale,  and  other  points 
along  the  river,  where  the  value  of  the  manufacturing  is  still  large. 
Such  sites,  however,  will  be  preserved  only  so  long  as  they  do  not 
interfere  with  water  conservation,  and  therefore  the  future  of  the 
river  as  a  power  stream  is  uncertain. 

As  a  gathering  ground  for  water  supply  the  value  of  this  area  has 
been  demonstrated  to  the  satisfaction  of  all  concerned.  The  water 
now  supplied  to  the  citj'  of  Newark  has  proved  excellent,  and  has 
been  the  means  of  improving  the  general  health  of  the  city  to  a 
remarkable  extent.  On  account  of  various  laxities  in  preparing  the 
reservoirs  and  because  of  other  circumstances  the  water  has  not  been 
as  free  from  sediment  as  is  considered  desirable,  but  sources  of  con- 
tamination have  been  largely  removed,  and  analyses  show  that  the 
character  of  the  water  is  uniformly  satisfactory.  At  the  present  time 
only  the  upper  part  of  the  area  is  reserved  for  a  gathering  ground,  the 
water  being  stored  in  three  reservoirs.  That  at  Oak  Ridge  has  a 
capacity  of  2,555,000,000  gallons  and  is  383  acres  in  extent.  Clinton 
reservoir  has  an  area  of  423  acres,  a  drainage  area  of  9.5  square  miles, 
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and  a  capacity  of  3,518,000,000  gallons.     Canistear  reservoir  has  a 
capacity  of  2,o00,000,000  gallons  and  is  350  acres  in  extent. 

With  7  Indies  storage  upon  the  entire  drainage  area,  14  inches  may 
be  collected  annually,  equal  to  a  total  daily  supply  of  56,000,000  gal- 
lonS;  In  the  report  of  the  Geological  Survey  of  the  State  (Vol.  Ill, 
1894,  p.  179)  a  list  of  possible  reservoir  sites  in  this  drainage  area 
includes  10  locations,  with  a  combined  capacity  of  23,920,000,000  gal- 
lons. 

ROCKAWAY  RIVER. 

This  stream  is  40  miles  long  from  source  to  mouth  and  has  a  drain- 
age area  of  about  140  square  miles,  more  than  80  per  cent  of  which  is 
in  forest.  It  bears  a  strong  resemblance  to  the  Pequanac,  although 
it  is  much  less  uniform  in  character.  Within  this  area  are  numerous 
ponds  and  lakes,  which  afford  a  large  proportion  of  storage.  Split- 
rock  Pond  is  315  acres  in  extent,  with  a  watershed  of  about  5  square 
miles.  With  the  present  12-foot  dam  raised  3^  feet  it  would,  accord- 
ing to  the  measurements  of  Mr.  Vermeule,  have  a  capacity  of  over 
700,000,000  gallons  and  would,  if  drawn  off  7  inches  on  the  watershed, 
supply  continuously  3,500,000  gallons  daily.  Green  Pond,  at  an  ele- 
vation of  1,048  feet  and  with  an  area  of  460  acres,  could  be  made  lo 
supply  1,200,000  gallons  daily. 

The  flow  of  the  river  at  Dover,  as  determined  by  the  Geological  Sur- 
vey of  New  Jersey  (Vol.  Ill,  1894,  p.  182),  is  f.iven  in  Table  VIII,  the 
readings  for  which  were  made  on  Sundays,  when  the  mills  were  shut 
down. 

Table  yUl.— Flow  of  Rockaway  River  at  Dover,  1890. 

[Drainage  area,  52.2  square  miles.] 


Date. 


March  80. 
April «... 
April  13.. 
April  20.. 
April  27.. 
May4.... 
May  11... 
May  18... 
May  25... 

Junel 

Junes 

June  15. . . 
June  22. . . 
June  29. . . 

July  6 

July  20... 
July  27... 
August  3 . 
August  17 


Cubic 
feet  per 
second. 

Inches 
on  water- 
shed in 
24  hours. 

1 

253 

0.180 

182 

.129 

188 

.128 

115 

.082 

115 

.082 

175 

.125 

10:3 

.071 

182 

.129 

121 

.086 

128 

.091 

110 

.078 

115 

.082 

115 

.082 

41 

.029 

80 

.057 

39 

.028 

272 

.194 

318 

.226 

39 

.028 

August  24 

August  31 

September  7  . 
September  14 
September  21 
September  28 
September  30 

October  5 

October  12.... 
October  19.... 
October  28. .  . 
November  2.. 
November  9.. 
November  16. 
November  23. 
December  7  . . 
December  14  . 
December  21 . 


Cubic 
feet  per 
aecond. 

Inches 
on  water- 
shed in 
24  hours. 

78 

0.066 

78 

.056 

SO 

.»« 

166 

.11: 

129 

.(se 

89 

.OSi 

30 

.028 

136 

.OK 

104 

.074 

159 

.113 

206 

.1*» 

116 

.0K3 

88 

.Q6» 

88 

.0S3 

61 

.04:J 

88 

.063 

4S 

.031 

88 

.063 

As  a  source  of  power  the  Rockaway  has  in  the  past  been  one  of  the 
most  valuable  rivers  in  the  State,  furnishing  in  the  year  1890,  at  29 
sites,  1,398  horsepower,  with  many  available  sites  unimproved.     The 
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water  rights  upon  the  area  have  now  come  into  the  possession  of  Jer- 
sey City,  and  the  river  will  be  used  as  a  source  of  water  supply,  and 
in  the  future  will  not  figure  largely  as  a  power  stream. 

Above  Old  Boonton,  on  the  Rockaway  shed,  there  are  122.5  square 
miles  of  highland-drainage  area  which  have  been  included  in  the  tract 
set  apart  for  the  water  supply  of  Jersey  City.  The  plan  proposed  by 
Patrick  H.  Flynn,  contractor,  and  which  was  accepted  by  the  city, 
provides  that  a  main  intake  and  reservoir  shall  be  located  at  Old  Boon- 
ton,  which  shall  leave  an  area,  as  improved,  for  50,000,000  gallons 
daily  delivery,  of  949  acres  and  a  capacity  above  the  effluent  pipes  of 
1,362,000,000  gallons.  Tributary  to  this  reservoir  will  be  the  whole 
flow  of  Rockaway  River,  including  the  waters  of  Longwood  Valley, 
Green  Pond,  Denmark  Lake,  Beach  Glen,  Splitrock  Pond,  Dixon 
Pond,  Showgum  Lake,  and  tributary  streams. 

Provision  will  be  made  for  increasing  the  supply  by  raising  the 
height  of  the  dam  so  that  the  area  of  the  reservoir  will  be  1,177  acres, 
with  a  capacity  of  12,683,000,000  gallons,  and  a  supply  of  70,000,000 
gallons  daily. 

V^THIPPANY  RIVER. 

This  stream  is  comparatively  unimportant  as  a  source  of  power,  and 
the  area  is  not  well  developed  to  become  a  source  of  water  supply. 
The  population  on  the  watershed  is  large  and  furnishes  a  large  meas- 
ure of  pollution,  to  which  reference  will  be  made  below. 

POLLUTION  OF  PASSAIC  RIVER  SYSTEM. 

It  needs  only  a  supei -ficial  inspection  of  the  Passaic  River  at  any 
point  below  the  city  of  Paterson  to  discover  the  bad  state  of  affairs 
there  existing.  Commencing  in  a  small  way,  the  sewerage  systems 
emptying  into  this  part  of  the  stream  have  increased  with  the  growth 
of  the  municipalities,  until  the  conditions  all  along  the  lower  reaches 
of  the  river  have  become  insufferable.  The  clutch  of  pollution  seems 
to  have  fastened  itself  there,  and  in  spite  of  the  best  efforts  of  intel- 
ligent men  no  satisfactory  legislation  has  yet  been  enacted  to  alleviate 
the  conditions.  In  considering  the  Lower  Passaic — i.  e.,  that  part 
lying  between  Little  Falls  and  Newark  Bay — the  Passaic  Valley  sew- 
erage commission,  created  by  an  act  of  the  legislature  of  New  Jersey 
in  February,  1896,  described  the  conditions  in  its  report  dated  Feb- 
ruary, 1897,  as  follows: 

The  great  extent  of  the  polltition  of  the  Lower  Passaic  may  be  illnstrated  in 
several  ways.  It  is  apparent  to  the  eye  in  the  conditions  of  the  river  during  the 
summer,  in  the  foulness  of  the  shores  where  sewage-laden  mud,  when  exposed  to 
the  sun,  gives  out  foul  odors;  and  it  is  demonstrated  by  every  practical  test. 
The  cities  of  Newark  and  Jersey  City  have  been  compelled  to  seek  water  sup- 
plies elsewhere  at  great  exx)ense,  and  the  immediate  decrease  in  zymotic  diseases 
in  those  places  which  followed  the  change  has  shown  how  necessary  it  was. 
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Fish  life,  excepting  a  few  hardy  kinds,  has  disappeared  from  the  river,  and  fif- 
teen years  ago  shad,  which  formerly  frequented  the  stream,  abandoned  it.  The 
manufacturers  have  reported  that  the  acid  in  the  sewage-laden  water  has  affected 
the  boilers  so  as  to  make  its  use  inadvisable.  The  use  of  the  river  for  pleasure 
purposes,  which  at  one  time  made  it  a  delight  to  thousands,  has  become  compar- 
atively infrequent,  and  the  attractiveness  of  the  river  [see  PI.  I,  A]  maybe  said  to 
have  disappeared. 

The  commissioners  in  their  meetings  at  the  various  towns  on  the  river  found  all 
citizens  deeply  concerned  and  anxious  for  action  to  remove  pollution.  Their  tes- 
timony was  substantially  identical,  and  while  there  was  a  natural  desire  to  avoid 
doing  injury  to  the  fair  name  of  their  towns,  it  was  their  unanimous  sentiment 
that  the  pollution  of  the  river  had  caused  great  depreciation  in  prox>erty  values 
along  the  stream.  During  the  hot  months  residences  within  a  short  distance  of 
the  river  were  reported  to  be  almost  uninhabitable  on  account  of  the  stench,  and 
the  necessity  of  keeping  windows  closed  on  hot  nights  to  bar  out  the  evil  odors 
was  frequently  mentioned  as  showing  the  extent  of  the  actual  nuisance.  The 
injury  to  property  at  all  points  below  Paterson  was  testified  to  be  large  and 
increasing,  despite  the  many  natural  advantages  of  the  valley  and  its  neighboring 
heights  for  suburban  residences.  The  actual  direct  effect  of  the  stench  ux)on  the 
public  health  was  discussed  with  caution  by  physicians  and  health  authorities, 
but  that  its  influences  were  gravely  injurious  admitted  of  no  doubt. 

Finally,  the  quantity  of  sewage  discharged,  compared  with  the  low-water  flow 
of  the  river,  was  shown  to  be  beyond  the  power  of  the  river  to  assimilate,  and 
exceeded  the  limits  which  have  been  regarded  as  permissible  for  an  open,  stream 
by  sanitary  authorities  of  other  countries  and  States. 

The  ratio  of  increase  in  population  for  the  Lower  Passaic  district  from  1880  to 
1890  is  placed  by  the  engineers  at  43.2  per  cent,  and  from  1890  to  1895  at  22.6,  the 
ratio  for  the  five  years  thus  exceeding  that  of  the  decade  previous.  The  river 
now  receives  the  sewage  of  the  cities  of  Paterson,  Passaic,  Orange,  Newark,  and 
the  towns  of  East  Orange,  Bloomfield,  Montclair,  Harrison,  Kearney,  East  New- 
ark, and  part  of  Rutherford.  Sewerage  facilities  for  other  places  are  an  -admitted 
necessity  of  the  early  future.  It  therefore  apx)ears  beyond  question  that  the  river 
pollution  is  sure  to  Increase  enormously  unless  remedial  measures  be  taken. 

This  part  of  the  investigation  by  the  commissioners  therefore  demonstrated: 

That  the  daily  discharge  of  70,000,000  gallons  of  sewage  into  the  Passaic  River 
below  the  Great  Falls  of  Paterson  is  beyond  its  power  to  assimilate. 

That  the  pollution  has  become  a  nuisance  to  residents  along  the  banks  by  the 
stench  and  had  caused  depreciation  of  property  and  injury  to  health. 

That  the  fisheries  had  been  destroyed. 

That  the  river  had  ceased  to  be  desirable  for  pleasure  purposes,  boating,  bath- 
ing, etc. ,  no  longer  possessing  the  park  values  which  so  generous  a  stream  should 
afford  the  large  population  on  its  banks. 

That  the  use  of  the  river  for  manufacturing  purposes  is  suffering  on  accoxint  of 
the  pollution. 

In  short,  the  pollution  of  the  Lower  Passaic  River  appeared  to  the  commissionerB 
to  be  completely  established  as  a  public  nuisance,  an  injury  to  health,  and  an 
increasing  menace  to  property  interests  from  the  beginning  at  the  Great  Falls  to 
below  Newark. 

The  report  of  the  commission,  quoted  above,  in  dealing  with  con- 
ditions of  the  Upper  Passaic  portion,  states  that  the  pollution  upon 
that  part  of  the  drainage  area  was  inconsiderable,  yet  the  rapid  growth 
of  the  municipalities  thereon  warranted  the  belief  that  in  a  short 
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space  of  time  the  pollution  entering  the  river  above  Little  Falls  would 
be  as  unfavorable  in  its  effect  upon  the  river  as  that  of  the  Lower 
Passaic,  and  recommendeil  that  there  be  absolute  prohibition  of  the 
use  of  the  main  stream  or  tributaries  of  the  Upper  Passaic  watershed 
for  any  crude  sewage,  and  that  tlie  extent  to  which  filtered  effluent  may 
be  permitted  to  enter  this  stream  should  be  subject  to  regulation  by 
a  commission  in  charge  of  the  purification  of  the  river,  with  power 
to  prevent  nuisance.  The  increase  in  population  since  that  time  has 
been  beyond  the  expectations  of  the  commission,  and  the  laws  that 
have  since  been  enacted  for  the  protection  of  rivers  are  i>rovided  with 
unsatisfactory  means  of  enforcement.  There  is  no  doubt  whatever  that 
the  pollution  within  this  area  is  far  more  extensive  than  at  the  date  of 
the  above-quoted  report.  It  is  also  true  that  the  commission  recognized 
the  enormous  burden  imposed  by  the  pollution  in  the  Lower  Passaic 
and  gave  more  careful  attention  to  that  part  of  the  river  than  they 
did  to  the  highland  area.  Let  us  therefore  examine  the  conditions  as 
they  now  exist  in  the  river  system  above  Great  Falls,  Paterson. 

Four  miles  up  the  river  is  Little  Falls,  a  town  of  2,908  inhabitants, 
without  any  public  S3'^stem  of  sewerage,  but  nevertheless  producing 
considerable  pollution  from  private  drains  and  factories.  Analyses 
that  have  been  made  of  the  water  at  Little  Falls  dam  and  at  Great 
Falls  dam  show  an  appreciable  increase  in  organic  matter  at  the 
lower  station,  and  bacteriological  examinations  indicate  at  times 
even  more  strongly  the  presence  of  sewage  below  Little  Falls.  The 
cities  of  Paterson  and  Passaic,  which  have  in  the  past  taken  their 
water  supply  from  the  head  of  Great  Falls,  have  not  during  that  time 
been  free  from  epidemics  of  typhoid,  which,  in  the  opinion  of  the 
sanitary  officials,  have  been  traceable  to  the  water  supply. 

Farther  up  the  river,  beyond  the  Great  Meadows,  are  the  towns  of 
Madison  and  Chatham,  containing,  respectively,  3,754  and  1,361 
inhabitants.  Neither  of  these  has  a  sewerage  system,  although  one 
is  projected  in  Madison.  The  pollution  of  the  river  at  these  towns  is 
more  than  would  be  expected  from  places  of  their  size  and  condition. 
Still  farther  up  is  Summit,  a  city  of  5,302  inhabitants,  having  a  sew- 
erage system  that  has  been  extended  through  the  more  thickly  settled 
parts  of  the  city.  A  sand-filtration  area  has  been  provided  on  the 
banks  of  the  Passaic,  which  has  been  unsuccessful  from  the  stand- 
point of  purification,  the  effluent  being  not  at  all  satisfactory,  putri- 
fying  in  a  short  time  and  causing  a  serious  nuisance  at  the  Chatham 
dam,  a  few  miles  below.  Indeed,  so  unsatisfactory  has  been  the  work 
of  this  filter  that  its  abandonment  has  been  practically  decided  upon. 
A  plan  has  received  legislative  authority  whereby  Summit  may  join 
with  Milburn,  Vailsburg,  West  Orange,  Sjuth  Orange,  and  a  part  of 
Newark  in  the  construction  of  a  tide-water  trunk  sewer  which  shall 
discharge  into  Arthur  Kill. 

Upon  the  Whippany  are  Morristown  and  Morris  Plains,  the  former 
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with  a  iK>pulatioii  of  11,267,  both  without  sewerage  systems,  and  the 
former  especially  contributing  a  large  amount  of  sewage  by  means  of 
private  drains  from  houses  and  factories,  so  that  the  river  and  its 
branches  ramifying  through  the  city  often  present  a  most  disgust- 
ing sight.  It  is  not  apparent  to  the  observer  that  the  municipal  author- 
ities there  have  taken  any  effectual  steps  to  prevent  pollution  of  these 
streams,  and  in  certain  parts  of  the  town  sewage  may  be  seen  running 
into  the  brooks  via  the  street  gutters. 

Boonton,  Rockaway,  and  Dover,  with  a  combined  population  of 
11,322,  are  situated  upon  Rockaway  River.  All  three  are  in  the 
drainage  area  embraced  in  the  reservoir  now  under  construction,  the 
waters  of  which  will  i-each  up  well  into  the  town  of  Boonton.  In  the 
contract  entered  into  between  the  city  of  Jersey  City  and  Patrick  H. 
Flynn,  the  contractor,  there  is  a  provision  that  all  sewage  shall  be 
diverted  from  the  catchment  area,  and  a  plan  has  been  pro%nded 
whereby  the  contractor  shall  build  an  intercepting  sewer  which  shall 
collect  all  the  sewage  from  these  three  municipalities  and  empty  it 
into  the  Rockaway  below  Old  Boonton.  The  present  plan,  therefore, 
will  not  relieve  the  river  of  its  pollution,  except  upon  that  part  of  the 
Rockaway  above  the  proposed  dam. 

Upon  the  streams  converging  into  the  Pompton  are  Bloomingdale 
and  Butler,  with  upward  of  800  people,  and  Pompton  VilUige,  at  the 
mouth  of  the  Wanaque,  and  upon  the  Ramapo  in  New  York  State 
are  Suffem,  Hillburn,  and  Tuxedo,  the  former  of  which  has  a  small 
sewerage  system  emptying  into  the  river.  Here  is  an  instance  of 
interstate  pollution.  Although  at  present  not  of  great  importance, 
there  is  every  reason  to  believe  that  as  the  town  increases  in  size  the 
pollution  may  become  suflficiently  extensive  to  affect  the  value  of  the 
Ramapo  watershed  in  New  Jersey.  The  laws  that  may  be  enacted 
and  the  surveillance  which  it  is  hoped  to  establish  in  New  Jersey  over 
watersheds  can  have  little  effect  in  New  York,  be  they  enforced  ever 
so  efficiently.  The  same  is  true  of  the  upper  part  of  the  Wanaque 
watershed,  and  also  of  Saddle  River.  Greenwood  Lake,  situated  in 
both  States,  is  a  favorite  summer  resort,  within  easy  distance  of  New 
York.  There  is  likely  to  develop  a  community  of  no  mean  importance 
at  the  New  York  head  in  years  to  come,  the  pollution  from  which 
would  injure  not  only  the  water-supply  value  of  the  lake,  but  also  the 
ice  industry,  which  amounts  annually  to  about  60,000  tons. 

In  the  year  1899  the  East  Jersey  Water  Company,  being  compelled 
to  give  up  the  water  from  the  Pequanac,  which  would  in  September, 
1900,  pass  into  the  hands  of  the  city  of  Newark,  offered  to  another 
municipality  with  which  the  company  was  under  contract,  and  to 
which  it  was  then  furnishing  Pequanac  water,  a  supply  from  the  new 
intake  at  Little  Falls.  The  town  officials  not  being  satisfied  with 
the  proposed  change,  and  believing  the  water  to  be  inferior  to  that  of 
the  highland  stream,  employed  Mr.  George  W.  Fuller,  of  New  York, 
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to  examine  into  and  report  upon  the  subject.  Aft^er  a  i>eriod  lasting 
six  months,  during  which  the  whole  matter  was  explored  in  minute 
detail,  Mr.  Fuller  submitted  his  report.,  from  which  the  following 
extract  is  made: 


• 


While  admitting  that  Passaic  River  water  from  Little  Falls  might  be  need 
*  *  withont  any  serious  detriment  to  the  public  health,  it  is  my  judgment 
that  this  water  can  not,  from  a  strictly  sanitary  standpoint,  be  rated  as  a  pure 
and  wholesome  water.  This  judgment  is  based  on  the  fact  that  there  are  no 
thoroughly  efficient  means  of  eliminating  the  germs  of  water-borne  diseases 
before  they  shall  reach  the  consumers  at  *  *  *  in  the  event  that  such  disease 
should  become  prevalent  at  one  of  nearly  a  dozen  centers  of  population. 

The  Passaic  Valley  sewerage  commission  was  succeded  in  1889  by 
the  State  sewerage  commission.  The  report  of  this  Ixxly  to  the  legis- 
lative session  of  1900  reads  concerning  the  Passaic  River  as  follows: 

The  purification  of  the  Passaic  River  has  been  and  is  the  greatest  problem 
which  has  demanded  the  attention  of  the  commission.  The  magnitude  of  the 
nnderlaldng  can  hardly  be  exaggerated.  The  report  of  the  Passaic  Valley  sewer- 
age commission  of  1897  set  forth  the  then  existing  conditions.  The  commissioners 
appointed  under  the  act  of  1898  to  '*  consider  the  pollution  of  rivers  and  streams 
in  this  State"  said,  referring  to  the  Passaic  River:  "  The  condition  of  the  Passaic 
River  has  been  getting  worse,  and  during  the  last  summer  the  conditions  were 
even  more  intolerable  than  during  the  drought  of  1895."  Bad  as  was  the  con- 
dition then,  that  during  the  smnmer  of  1899  has  been  far  worse  than  ever  before 
known.  As  early  as  June  serious  complaints  were  made  of  its  condition,  which 
have  continued  during  the  whole  sunmier  and  into  the  auttmm. 

It  is  a  common  error  to  suppose  that  the  condition  is  solely  the  result  of  pollu- 
tion of  Paterson  and  Passaic  and  the  municipalities  at  or  above  the  head  of  tide 
water.  While  these  communities  are  large  polluters  of  the  river,  others  are 
equally  guilty.  During  much  of  the  time  the  Passaic  River  is  little  more  than  a 
tidal  estuary,  in  which  the  outward  flow  of  the  tide  is  i\ot  of  sufficient  duration  to 
empty  the  river  of  the  polluted  water.  The  incoming  tide  meets  the  sewage  of 
Newark,  Orange,  Bloomfield,  Montclair,  Harrison,  and  neighboring  towns,  driv- 
ing it  up  the  river  to  meet  that  coming  from  above,  so  that  to  a  great  extent  the 
same  water,  with  constantly  increasing  quantities  of  sewage  being  added,  is 
driven  up  and  drawn  down  by  the  tide  until  large  rainfalls  occur,  when  there 
may  be  a  flow  of  water  from  above  sufficient  to  force  the  sewage  out  and  fill  the 
river  with  clean  water.  This  temporary  relief  continues  as  long  as  there  is  water 
coming  down  sufficient  to  force  back  the  tide  and  allow  the  sewage  to  find  its  way 
into  the  bay. 

The  commission  received  numerous  complaints  from  residents  along  the  river, 
it  having  been  necessary  for  people  a  half  a  mile  from  the  river  to  close  their  win- 
dows during  the  hottest  weather  to  keep  out  the  stench.  The  constantly  increas- 
ing quantity  of  sewage  being  poured  into  the  river,  together  with  the  decreasing 
amount  of  water  coming  down  for  the  dilution  of  the  sewage,  have  hastened  the 
time  when  some  remedial  action  has  become  imx)erative.  It  is  recommended  that 
legislative  action  be  promptly  taken  to  abate  the  foul  condition  of  the  Passaic 
River.  To  this  end  a  bill  has  been  drafted  empowering  the  State  sewerage  com- 
mission to  require  such  other  disposition  of  the  sewage  and  other  polluting  sub- 
stance as  shall  meet  its  approval,  believing  that  when  it  becomes  obligatory  for 
those  fouhng  the  river  to  do  something  else  with  their  sewage  they  will  join  with 
your  commission  in  seeking  the  best  way.    The  commission  has  sought  to  unite 
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the  different  municipalities  in  some  voluntary  action ,  and  with  that  end  in  view 
invited  the  several  municipalities  now  discharging  sewage  into  the  river  to  api>oint 
committees  to  meet  with  the  State  commission  for  the  purpose  of  considering  the 
subject. 

In  a  further  report  to  the  legislature  of  1901,  the  same  commissioD 
speaks  concerning  the  Passaic  as  follows : 

The  sewage  pollution  of  the  Passaic  has,  during  the  last  year,  increased  in  its 
evil  effects.  Heretofore  the  objectionable  odors  have  been  limited  to  the  summer 
months;  but  during  the  last  autumn  the  stench  continued  until  the  freezing 
weather  locked  the  foulness  into  ice.  The  rainfall  was  below  the  average  during 
the  autumn,  and  wide  spaces  of  sewage-befouled  mud  were  exposed  to  the  air, 
giving  forth  nauseating  odors.  The  effects  were  felt  with  severity  all  the  way 
from  Paterson  to  Newark  Bay,  and  factory  hands  in  Paterson  and  in  Newark, 
near  the  river,  were  compelled  to  stop  work  a  number  of  times  on  account  of 
nausea  from  the  river  stench.  .*    *    * 

The  flow  of  fresh  water  from  above  Great  Falls  is  showing  a  steady  diminution, 
principally  owing  to  the  diversion  of  the  river  water  above  for  city  supplies,  and 
the  amount  of  the  discharge  will  unquestionably  increase  constantly.  The  effect 
upon  the  river  above  the  tidal  flow,  between  Paterson  and  Dxmdee  dam,  is  disas- 
trous, leaving  insufficient  water  to  carry  down  ordinary  sewage  discharge,  much 
of  which  lodged  during  the  summer  and  autumn  in  the  bare  river  bed,  giving 
forth  stench  and  threatening  disease  in  the  heart  of  Paterson.  The  scouring  by 
floods,  which  served  for  a  periodical  cleansing,  is  now  rarely  effective,  and  the 
conditions  seem  to  grow  worse.  The  evil  condition  of  the  whole  nver  can  scarcely 
be  exaggerated,  and  what  was  apparent  to  the  instructed  four  years  ago  is  now 
evident  to  any  person  who  may  casually  observe  the  river. 

VALUE  OF  PASSAIC   RIVER  SYSTEM  AND    ITS    MODIFICATION    BY 

POLLUTION. 

WATER  POWER  AND   WATER  SUPPLY. 

As  a  source  of  power  the  Passaic  system  is  worth  about  $1,500,000. 
According  to  the  report  of  Mr.  Vermeule  the  total  available  gross 
horsepower  of  the  stream  is  8,924.  Assuming  the  usual  eflBciency  of 
70  per  cent  upon  the  wheel,  there  may  be  developed  a  net  horsepower  of 
6,246.8,  which,  at  the  average  New  Jersey  rental  of  $22.50  per  horse- 
power, would  yield  an  annual  rental  of  $140,553.  With  a  capitali- 
zation of  10  per  cent  we  find  a  total  valuation  of  $1,405,530. 

The  value  of  the  river  as  a  source  of  water  supply  is  a  more  difficult 
problem  to  estimate  and  varies  according  to  the  meaus  used  to  collect 
the  water.  It  has  already  been  stated  that  at  the  head  of  Little  FalLs 
the  river  will  supply  without  storage  about  85,000,000  gallons  daily. 
The  only  important  addition  to  the  flow  below  this  point  is  Saddle 
River,  which  furnishes  daily  a  minimum  of  about  2,600,000  more 
throughout  all  seasons.  This  total  of  about  87,600,000  gallons  is 
undoubtedly  a  conservative  estimate  of  the  supply  available  at  the 
Belleville  pumping  station,  and  the  total  flow  of  the  river  past  that 
point  would,  except  in  extraordinary  cases,  be  far  greater.  If,  then, 
I>ollution  wei*e  excluded  from  the  Passaic  and  the  minimum  flow  were 
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pumped  from  the  river  at  Belleville,  there  would  be  no  disturbance  of 
the  power  value  of  the  river,  so  that,  in  addition  to  the  power  valua- 
tion, there  would  be  the  value  of  the  water.  Pumped  from  the  river 
at  Belleville  and  raised  to  a  height  sufficient  to  serve  the  metropolitan 
areas  of  Essex  and  Hudson  counties,  this  water,  at  a  fair  valuation, 
would  bring  125  per  million  gallons,  assuming,  of  course,  that  the 
present  pollution  had  never  existed. 

If,  however,  storage  is  provided  in  the  highiaml  areas  and  the  water 
is  allowed  to  flow  into  the  cities  by  gravity  we  shall  have  a  measure 
of  resource  far  greater  than  that  above  estimated.  Mr.  Vermeule 
states  that  666,094  gallons  i>er  square  mile  are  daily  collectible  with 
storage  upon  the  Passaic  system.  Considering  only  the  773  square 
miles  above  Little  Falls,  and  the  60.7  square  miles  of  Saddle  River 
there  can  be  developed  through  storage  a  resource  equal  to  555,000,000 
gallons  daily.  This  amount  of  water,  utilized  at  the  extremely  low 
rate  of  $15  per  million  gallons  and  on  the  basis  of  only  60  per  cent 
eonservance,  would  yield  an  annual  income  of  $1,823,175,  which  capi- 
talized at  10  per  cent  equals  $18,231,750.  Under  such  a  system  the 
water  power  would  be  largely  if  not  completely  destroyed,  so  that 
this  value  would  necessarily  be  deducted  from  the  above  figures. 

It  has  already  been  shown  that  the  water  pumped  from  the  river 
below  Belleville  is  polluted  beyond  all  possibility  of  use  in  its  crude 
state,  and  indeed  the  city  of  Newark  had  this  fact  brought  to  its 
attention  during  the  winter  of  1899,  when,  during  a  continued  cold 
season,  the  consumption  of  water  reached  the  limit  prescribed  in  the 
contract  and  the  water  was  again  pumped  into  the  mains  at  Belle- 
ville.    The  typhoid  epidemic  resulting  therefrom  was  a  severe  lesson. 

Expert  examination  has  shown  that  it  is  unsafe  to  use  the  water 
from  Little  Falls  in  its  crude  state.  If  we  examine  the  history  of  the 
water  supply  upon  the  Passaic  we  shall  find  the  following  facts:  Pre- 
vious to  the  year  1888  the  municipalities  of  Newark,  Harrison,  Arling- 
ton, Belleville,  Nutley,  Kearney,  Passaic,  and  Paterson,  situated 
upon  the  Lower  Passaic,  and  Jersey  City,  situated  upon  the  Hudson, 
all  derived  their  water  supply  from  the  Passaic.  On  the  one  side  of 
the  river  Jersey  City,  Harrison,  and  Kearney  received  their  supply 
from  the  intake  owned  by  the  first-mentioned  city,  while  across  the 
river,  at  Belleville,  was  situated  the  Newark  pumping  station.  From 
the  latter  intake  there  were  pumped  16  to  20  million  gallons  daily,  at 
a  cost  of  $15  to  $17  per  million  gallons,  while  at  the  former  intake 
about  the  same  amount  was  taken,  at  approximately  the  same  cost. 
Passaic  and  Paterson  were  supplied  from  an  intake  situated  at  the 
head  of  Great  Falls  and  owned  by  the  Passaic  Water  Company.  All 
of  these  municipalities,  especially  those  supplied  from  the  Newark 
and  Jersey  City  intakes,  suffered  excessively  from  typhoid  fever,  due 
to  sewage  pollution  in  the  river. 
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In  1889  the  source  of  supply  of  the  Newark  system  was  transferred 
to  the  Pequanac  area  under  a  contract  with  the  East  Jersey  Water 
Company,  and  in  September,  1900,  the  ownership  passed  to  the  city  at 
the  cost  of  $6,000,000.  Although  the  change  from  Belleville  to 
Pequanac  involved  a  change  from  a  pumping  to  a  gravity  system, 
which  in  years  to  come  will  be  more  economical,  during  a  long  term 
of  years  the  fixed  charges  upon  the  plant  will  make  the  water  cost 
Newark  $30  per  million  gallons,  an  amount  equal  to  twice  the  cost  of 
the  Belleville  water. 

The  source  of  supply  for  Jeraey  City  was,  in  the  year  1898,  trans- 
ferred to  the  new  intake  of  the  East  Jersey  Water  Company  at  Little 
Falls,  a  temporary  arrangement  which  will  continue  during  the  com- 
pletion of  the  dam  at  Old  Boonton,  on  the  Rockaway,  which,  when 
developed  to  a  capacity  of  70,000,000  gallons  daily,  will  cost  the  city 
about  $9,000,000.  Here,  again,  the  transference  from  pumping  to 
gravity  will,  in  the  end,  be  the  means  of  securing  the  water  at  a 
cheaper  rate,  but  the  fixed  charges  in  the  meantime  will  operate 
similarly  to  those  in  Newark. 

In  1899  the  source  of  supply  of  Paterson,  Passaic,  and  Nutley, 
which  had  for  years  been  t^iken  at  the  head  of  Great  Falls,  was  trans- 
ferred to  the  new  intake  at  Little  Falls.  The  reasons  for  this  change 
are  not  entirely  confined  to  those  of  pollution,  although  there  is  no 
doubt,  and  indeed  it  is  admitted  by  the  officials  of  that  company,  that 
pollution  from  the  town  of  Little  Falls  had  rendered  the  water  unsafe 
for  domestic  use.  The  cost  of  this  change  is,  of  course,  not  made 
public,  yet  it  can  be  easily  understood  that  so  radical  a  move  must 
have  been  attended  by  a  considerable  outlay,  as  well  as  the  surrender- 
ing of  large  values  by  the  disuse  of  the  Great  Falls  pumping  plant. 

The  opinion  of  Mr.  Fuller,  already  stated,  having  been  unfavorable 
to  the  Little  Falls  water  in  its  raw  state,  and  pressure  having  been 
brought  to  bear  upon  the  company  by  the  municipalities  using  it,  it 
became  necessary  to  construct  a  filter,  which  is  nearing  completion 
and  which  will  cost  about  $400,000.  Subsequent  additional  charges 
for  maintenance  will  amount  to  about  $6  per  million  gallons. 

ICE   INDUSTRY. 

Up  to  the  present  time  the  value  of  the  Passaic  system  as  a  source 
of  ice  supply  has  not  been  greatly  injured  by  pollution.  Greenwood 
Lake,  which  is  by  far  the  most  valuable  of  the  Passaic  ice  fields, 
affords  an  annual  average  supply  of  about  60,000  tons.  On  the  river 
below  Paterson  there  was  in  former  times  a  fairly  large  ice  industry, 
amounting  in  favorable  seasons  to  10,000  tons.  It  has,  however,  been 
completely  destroyed  by  the  pollution  of  the  river,  and  the  first  of  a 
proposed  series  of  suits  against  the  city  of  Paterson  has  been  won  in 
the  lower  court  by  an  injured  ice  dealer. 
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FISH. 

There  was  a  time  when  Passaic  shad  were  as  highly  valued  in  the 
eastern  markets  as  are  those  in  the  North  River  to-day.  The  indus- 
try flourished  and  was  a  source  of  no  inconsiderable  income  to  the 
dwellers  along  the  river.  Under  the  present  conditions  only  one 
hardy,  inedible  fish  will  live  in  these  waters. 

REALTY   VALUES. 

Pollution  of  the  Passaic  has  caused  its  greatest  damage  in  the 
redaction  of  realty  values.  We  can  not  estimate  with  any  degree  of 
correctness  the  amount  of  this  damage,  but  we  know  that  it  is  enor- 
mous. The  banks  of  the  Passaic  from  Paterson  to  Newark  are  natu- 
rally attractive,  and  there  is,  in  the  northern  portion  of  New  Jersey, 
no  more  suitable  nucleus  for  a  public  park.  Especially  along  the 
shores  of  Dundee  Lake  ai-e  there  situations  which  are  ideal  for 
suburban  homes,  and  their  accessibility  to  the  large  cities  of  the 
metropolitan  area  would  naturally  make  them  desirable  in  the  eyes  of 
that  constantly  increasing  number  of  city  business  men  who  are  mak- 
ing for  themselves  homes  outside  of  Greater  New  York.  Yet  the  area 
is  practically  uninhabitable — the  residents  along  the  shores  are  prin- 
cipally those  who  have  lived  there  from  birth  and  inherited  the  prop- 
erty ui)on  which  they  dwell,  or  who  moved  there  before  the  present 
conditions  existed,  and  are  encumbered  with  property  which  they  can 
neither  abandon  nor  sell.  Only  a  few  years  ago  the  value  of  this  land 
for  farming  purposes  was  from  1500  to  $800  per  acre,  and  building  sites 
were  held  at  a  much  higher  value.  For  one  piece  of  property  of  14 
acres,  in  a  particularly  favored  situation,  $40,000  was  refused  less 
than  twenty  years  ago.  To-day,  however,  this  plot  can  not  be  sold  at 
any  price,  nor  is  there  any  market  for  the  property  along  the  entire 
shore  of  the  lake. 

SUMMARY. 

We  have  seen  that  the  natural  resources  of  the  Passaic  system  are 
very  extensive,  embracing  water  power,  water  supply,  ice  fields,  fish- 
eries, transportation,  and  natural  scenic  advantages,  but  that  all  but 
one  of  these  have  been  so  damaged  by  pollution  as  to  produce  the 
following  results: 

1.  Abandonment  of  three  water-supply  intakes  and  the  establish- 
ment of  three  others,  at  a  total  expense  of  not  less  than  $20,000,000. 

2.  Extensivfe  decline  of  power  values  because  of  inadaptability  of 
water  for  use  in  boilers  and  in  manufacturing  processes. 

3.  Loss  of  annual  harvest  of  ice  weighing  10,000  tons. 

4.  Absolute  destruction  of  fisheries  in  lower  valley. 

6.  Impairment  of  realty  values,  the  extent  of  which  can  not  be  too 
highly  estimated  in  view  of  the  fact  that  similar  properties  in  clean 
localities  have  been  made  of  immense  value. 
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HUDSON  RIVER. 

Perhaps  the  most  resourceful  and  certainly  the  most  famous  river 
on  the  Atlantic  coastal  plain  is  the  Hudson.  The  history  of  its  dis- 
covery and  development  has  been  many  times  retold;  its  physical 
characteristics  are  subjects  of  study  in  common  schools,  and  its 
resources,  especially  from  the  standpoint  of  water  power,  have  been 
i-epeatedly  described,  notably  by  Prof.  Dwight  Porter,  in  Volume  XVI 
of  the  Tenth  Census  report,  and  later  by  Mr.  George  W.  Rafter,  C.  E., 
in  Nos.  24  and  25  of  the  series  to  which  this  paper  belongs.  It  there- 
fore seems  unnecessary  to  consider  this  branch  of  the  subject  in  the 
following  pages,  and  as,  up  to  the  present  time,  very  little,  if  any, 
detriment  has  arisen  to  water-power  values  through  sewage  pollution 
anywhere  in  the  basin,  the  subject  of  power  is  not  pertinent. 

The  extreme  flatness  of  the  bed  of  the  Hudson  throughout  the  first 
150  miles  from  its  mouth,  and  the  depth  of  water  maintained  thereon, 
give  to  it  the  character  of  an  elongated  bay,  or  arm  of  the  ocean, 
rather  than  that  of  a  river.  At  Troy,  the  head  of  natural  navigation 
and  also  of  tide  water,  the  level  of  the  river  at  mean  low  tide  is  only 
2.07  feet  above  mean  sea  level  in  New  York  harbor.  Under  these 
conditions,  the  influence  of  salt  water  extends  a  great  distance  inland, 
the  brackish  taste  being  appreciable  at  times  at  Poughkeepsie,  80 
miles  above  Sandy  Hook  (see  PI.  V,  ^).  The  influx  of  sea  water  by 
the  flood  tide  was  studied  by  Mr.  H.  L.  Mandarin,  under  the  authority 
of  the  United  States  Coast  and  Geodetic  Survey,  in  1871,  the  results 
of  which  may  be  seen  in  Table  IX. 

Table  IX. — Specific  gravities  of  water  in  the  Hudson  River  at  and  below  the  sur- 
face,  reduced  to  a  temperature  of  60°  F.,  September ^  1871. 


Didtance 
from 
Sandy 
Hook. 


Nautical 
milea. 

m 

84* 

58i 

66} 

61 

66 

70i 

75 

79i 


Station. 


Twentieth  street 

Dobbs  Ferry 

Tarrytown 

Tellers  Point 

Verplanks  Point 

lona  Island 

Dermings  Landing 

Cold  Spring 

New  windiior 

Carthage 1.0008 

Bame&fat 1.0006 

Poughkeepsie 1.0007 


End  of  flow  current. 


Surface, 

specific 

gravity. 


L0108 
1.0004 

i.ooei 

LOOll 
1.0012 
1.0017 
1.0016 
1.0015 


Below. 
Depth. 


Feet. 
67 
80 
80 
80 
80 
80 


80 


48 
00 
48 


Specific 
gravity. 


i.oeo6 

L0114 
LOOed 
1.0087 
1.0084 
L0087 
1.0028 
L00fi» 


1.0016 
1.0006 
10007 


End  of  ebb  current'^ 


Surface, 
specific 
gravity. 


a  L  0141 
1.0018 
1.0016 
1.0013 
LOOU 
1.0012 
1.0012 
lOQlO 
1.0006 
10006 
1.0006 
1.0006 


Below. 


Depth. 


Feet. 
68 
80 
80 
80 
80 
80 


48 
60 
48 


Specific 
gravity. 


Lcnsi 

1.0022 
1.0076 
1.0067 
1.0014 
1.0012 
l.OQSl 


i.an2 
i.aMi6 

1.0005 


a  1878. 


The  drainage  area  of  the  Hudson  is  estimated  by  Professor  Porter 
as  13,366  square  miles,  8,034  of  this  being  above  Troy.  Its  tributaries 
extend  into  New  Jersey,  Massachusetts,  and  Vermont,  and  the  mini- 
mum flow  past  Poughkeepsie  is  said  to  be  about  1,600,000,000  gallons 
daily.     In  his  report  to  the  Merchants'  Association  oi  New  York  upon 
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available  sources  of  water  supply  for  that  city  Mr.  James  H.  Fuertes 
computed  a  probable  flow  of  2,900,000,000  gallons  daily  at  the  time 
of  the  measurements  in  the  table  above. 

Before  considering  the  subject  of  pollution  in  the  Hudson  it  will 
be  advisable  to  examine  briefly  into  the  character  of  the  river  and  to 
contrast  the  conditions  which  prevail  with  those  dealt  with  in  connec- 
tion with  the  Passaic.  We  have  seen  that  the  Passaic  River  is  a  com- 
paratively small  stream,  and  that  it  has  upon  its  banks  numerous  large 
cities  and  towns  which  pour  into  it  a  volume  of  sewage  at  times  greater 
than  the  flow  of  the  river.  In  the  Hudson  Basin  we  have  an  area  more 
than  thirteen  times  the  size  of  the  Passaic,  contributing  to  a  flow 
which  exceeds  the  latter  in  like  proportion.  Consequently  the 
amount  of  sewage  poured  into  the  river  must  be  as  great  in  propor- 
tion to  the  flow  as  that  in  the  Passaic  and  of  similar  character  and 
distribution  in  order  to  accomplish  the  serious  results  that  we  have 
noted  in  the  latter.  From  the  cities  in  the  basin  of  the  Hudson  River 
and  its  tributaries  there  comes  a  pollution  far  greater  in  amount  than 
from  those  in  the  Passaic  Basin,  yet  the  proportion  of  contaminating 
matter  to  the  total  flow  is  so  much  less  in  the  Hudson  than  in  the  Pas- 
saic that  they  bear  no  significant  relation  to  one  another.  Few  if  any 
points  in  the  Hudson  watershed  have  been  damaged  to  a  degree 
which  at  all  compares  with  the  distress  that  has  arisen  along  the  Pas- 
saic Valley,  because  of  the  fact  that  the  natural  flow  of  the  Hudson 
so  largely  dilutes  the  sewage  poured  into  it  that  not  infrequently  the 
effects  thereof  are  not  traceable  by  sanitary  analysis.  In  the  year 
1893  Dr.  Thomas  M.  Drown,  now  president  of  Lehigh  University, 
found  that  the  water  from  the  river  above  Poughkeepsie,  which  is 
below  practically  all  of  the  iK)lluting  points  in  the  basin,  did  not 
reveal  upon  analysis  any  serious  traces  of  sewage  matter;  indeed,  the 
water  appeared  altogether  better  than  that  of  the  Schuylkill  River, 
from  which  the  city  of  Philadelphia  has  for  years  been  drawing  the 
greater  part  of  its  supply. 

Table  X. — Average  analyses  of  Hudson  River  water  at  Poughkeepsie^  June,  1893, <^ 

[Parts  per  100,000.] 


At  Intake  of  PoiuirUceepsie  water- 
works, average  of  9  samples  taken^ 
5-^  feet  below  surface 

At  ono-third  distance  from  east  shore, 
average  of  19  samples  taken  at  sur- 
face, ao  feet  and  fiO  feet  below  surface . 

At  two-tbirds  distance  from  the  east 
Hhore,  averajKe  of  19  samples  taken 
at  sarfiace,  80  feet  and  53  feet  below 
surface 

7  miles  above  Ponghkeepeie,  average 
of  6  samples  across  river,  80  feet  be- 
low surface 


Albu- 
menoid 
ammo- 
nia. 

Free 
ammo- 
nia. 

Nitrogen 

as 
nitrates. 

Nitrogen 

as 
nitrites. 

Oxygen 

con- 
sumed. 

0.0144 

O.OUBl 

0.0007 

0.0106 

0.5197 

.0187 

.0084 

.0006 

.0106 

.5169 

.0149 

.0034 

.0008 

.0110 

.58H9 

.0143 

.0084 

.0006 

Atm 

.4606 

Chlorine. 


0.110 
.107 

.109 
.113 


oProm  report  of  James  H.  Fuertes  to  Merchants^  Association  of  New  York. 
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In  conBidering  pollution  upon  the  Hudson  it  will  be  necessary  to 
take  into  account  only  that  part  lying  above  Poughkeepsie,  for  salt- 
water influence  extends  up  to  this  point,  and  this  of  itself  destroys 
man}"^  resources  which  have  been  noted  in  the  preceding  pages  as 
subject  to  damage  by  pollution.  All  succeeding  calculations  will  be 
based  upon  the  wat-ershed  above  this  point  unless  otherwise  noted. 
Above  Poughkeepsie  the  river  still  maintains  the  character  of  an 
inland-traffic  course,  plied  by  steamers  and  canal  boats.  Pollution 
is  therefore  unavoidable,  for  if  all  city  sewage  were  excluded  from 
the  river  the  ejecta  from  passenger  steamers  passing  up  and  down 
would  make  the  raw  water  unsafe  as  a  domestic  supply,  especially 
when  such  matter  was  discharged  near  a  supply  intake.  It  appears, 
then,  from  what  has  gone  before,  that  from  the  standpoint  of  pollution 
the  Hudson  divides  into  three  sections:  First,  that  within  the  salt- 
water influence,  i.  e.,  from  New  York  to  Poughkeepsie;  second,  that 
between  Poughkeepsie  and  Troy,  which  by  reason  of  its  commercial 
value  must  be  polluted;  third,  the  upper  or  highland  section,  along 
which  power  sites  are  available  and  which  partakes  of  the  character 
of  an  ordinary  power  stream.  In  order  to  show  the  extent  and  popu- 
lation of  the  country  drained  by  the  Hudson  the  following  table  has 
been  prepared,  in  which  the  populations  have  been  calculated  accord- 
ing to  the  Twelfth  Census  Reports : 

Table  XI. — Draiiuxge  arewt  aiid  population  in  theHuditoti  River  Basin, 


State. 


(bounty. 


New  York. 


MaaflachiiBetts 

Vermont 

New  Jersey . . . 


Essex 

Warren 

Washington . 

Saratofira 

Hamilton 

Herkimer 

Oneida 

Lewis 

Madison 

Otsego 

Fulton 

Montgomery 

Schonarie 

Schenectady . 

Albany 

Benssehier . . . 

Columbia 

Dutchess 

Greene 

Ulster 

Orange  

Sullivan 

Delaware 

Berkshire 

Bennington.. 
Sussex 


Number 
of  munic- 
ipalities. 


7 

11 

11 

20 

8 

21 

21 

1 

1 

1 

12 

11 

16 

6 

18 

17 

19 

19 

14 

21 

19 

8 

1 

8 

18 

10 


3 


Com- 
bined 
area  in 
square 
miles. 


649 

940 

557 

800 
1.767 
1,459 
0898.7 

o72 

a  89 

a40 

667 

896 

647 

200 

499 

648 

691 

772 

660 
1,167 

683 

a  80 

<>45 
a239 
a520 
a292 


Pupula- 
tfon. 

Popula- 
tion per 
square 
mile. 

Sewered 

11,382 

17.6 

29,943 

81.8 

i2.6i3 

31,110 

65.9 

3,521 

61.089 

76.4 

24,173 

4,947 

2.8 

51.049 

85 

21,074 

117,518 

181 

71, 7« 

917 

12.7 
51.5 

2,024 

1,802 

45 

42,842 

75.4 

28.4^9 

47.488 

119.9 

20,829 

26,854 

41.5 

2,327 

46,852 

231.8 

81,682 

165,571 

881.9 

132, 3K2 

121,697 

189.8 

86,  »Q 

48,211 

62.5 

9.528 

77,337 

100.2 

24,ae» 

81,478 

47.7 

8.219 

88,422 

76.4 

24,5:fi 

59,410 

86.9 

19.495 

8.121 

18.4 

2,134 

47.4 

48,191 

180.7 

19.407 

87.8 
44.6 

18,081 



a  These  areas  are  estimated  and  are  only  approximately  correct. 


North  of  Poughkeepsie,  on  the  east  side,  there  flow  into  the  Hudson, 
in  the  order  mentioned,  Crum  Elbow  Creek,  Fallsburg  and  Landsman 
kills.  Stony  Creek,  Roeliff  Jansen  Kill,  Claverack  and  Kinderhook 
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creeks,  Moordener,  Wynant  and  Poeston  kills,  Hoosic  River,  Batten 
Kill,  Moses  Kill,  and  Schroon  River.  Of  these,  Crum  Elbow  Creek, 
Fallsbarg  Kill,  Stony  and  Claverack  creeks,  Roeliff  Jansen  and  Moses 
kills,  and  Schroon  River  are  not  important  from  the  standpoint  of 
pollution,  as  they  flow  into  the  Hudson  in  a  comparatively  pure  state. 
Landsman  and  Wynant  kills  and  Kinderhook  Creek  receive  a  certain 
amount  of  x>ollution  indirectly  at  the  centers  of  jiopulation  in  the 
courses  of  the  three  streams.  Hoosic  River  is  badly  jiolluted,  and 
Batten  Kill  to  a  less  extent. 

On  the  west  side  of  the  Hudson  the  river  branches  enter  in  the 
following  order:  Rondout  Creek,  Esopus,  Catskill,  Hannacrois,  and 
Ooeyman  creeks,  Norman  Kill,  Mohawk  River,  Anthony  Kill,  Fish 
Creek,  Snook  Kill,  and  Sacandaga,  Indian,  Cedar,  and  Rock  rivers. 
Of  these,  Hannacrois  and  Coeyman  creeks,  Norman  and  Snook  kills, 
and  Sacandaga,  Indian,  Cedar,  and  Rock  rivers  need  no  discussion 
because  of  their  comparative  freedom  from  pollution.  Rondout, 
Kaaterskill,  and  Catskill  creeks  receive  considerable  indirect  and  pri- 
vate drain  pollution,  while  Wallkill  a  ad  Mohawk  rivers  and  Esopus 
and  Fish  creeks  are  directly  polluted  by  sewage  systems. 

It  has  already  been  stat'Cd  that  pollution  along  the  middle  or  navi- 
gable section  of  the  Hudson  above  salt-water  influence  is  unavoidable, 
even  if  city  sewage  were  entirely  excluded  from  the  river.  In  order 
to  make  the  whole  pure  it  would  l)e  nec^essary  to  close  the  river  to 
commerce,  and  as  its  value  as  a  means  of  transportation  far  overtops 
all  other  values  which  it  may  have,  such  a  suggestion  is  manifestly 
absurd.  We  are  forced,  then,  to  conclude  that,  for  the  present  at 
least,  while  pollution  may  unfit  the  Hudson  up  to  Troy  for  use  as  a 
domestic  water  supply  without  flltration,  the  damage  to  the  resources 
is  insignifiant  compared  to  the  damage  which  would  occur  by  exclud- 
ing sewage  from  the  river.  While  the  water  remains  fit  for  filtration, 
then,  the  Middle  Hudson  is  of  more  value  as  a  polluted  stream  than 
it  would  be  if  preserved  unpolluted.  But  if  the  time  should  ever 
come  when  the  condition  of  the  Hudson  should  approach  that  of  the 
Lower  Passaic,  then  it  would  be  highly  necessary  to  enforce  sewage 
purification  ux>on  the  towns  and  cities  along  the  l)anks.  Such  a  con- 
tingency is,  however,  very  remote. 

The  reports  of  the  Tenth,  Eleventh,  and  Twelfth  Census  bureaus 
show  that  the  growth  in  population  along  the  Hudson  below  the  mouth 
of  the  Mohawk  has  not  been  marked.  During  the  last  decade  the 
cities  of  Albany,  Troy,  and  Hudson  have  actually  decreased  in  pop- 
ulation, while  the  gain  in  others  has  been  subnormal.  Any  alarm- 
ing increase  in  the  amount  of  sewage  x)oured  into  the  Hudson  cannot, 
therefore,  be  expected,  and  it  will  not  probably  be  in  danger  of  becom- 
ing the  consummate  pest  that  the  Passaic  has  become  should  there 
be  no  regulation  of  sewage  disposal  for  generations. 

It  will  be  necessary  to  consider  the  sources  of  pollution  along  the 
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middle  section  of  the  Hudson  in  order  that  the  conditions  there  exist- 
ing may  be  clearl}'^  shown.  Catskill,  Hudson,  Albany,  Rensselaer, 
Watervliet,  and  Troy  (including  Lansingburg)  are  sewered  cities 
along  the  middle  section  of  the  river,  containing  a  combined  popula- 
tion of  204,196.  The  amount  of  sewage  discharged  from  these  places 
is  unknown ;  no  gagings  have  been  made,  and  any  estimate  which 
might  be  given  would  not  be  even  approximately  correct.  Judging 
from  the  population  involved  it  might  be  expressed  as  about  one-half 
that  discharged  into  the  lower  section  of  the  Passaic. 

Catskill  is  a  village  of  5,484  inhabitants,  having  shown  a  growth  of 
11.5  per  cent  during  the  last  decade.  The  manufacture  of  bricks 
forms  a  large  industry,  and  the  textile  mills  are  important.  Its 
source  of  water  supply  is  the  Hudson,  the  water  from  which  is  filtered 
previous  to  distribution.  A  system  of  sewerage  has  been  extended 
throughout  the  coi-porate  limits,  and  the  sewage  is  discharged,  unpuri- 
fied,  into  the  mouth  of  Catskill  Creek. 

Hudson  is  a  city  in  Columbia  County,  which  is  largely  devoted  to 
manufactures  of  iron  and  lumber.  It  is  also  the  seat  of  several  State 
homes  and  schools.  During  the  past  decade  the  population  has 
dropped  from  9,970  to  9,528.  It  is  supplied  with  filtered  water  from 
the  Hudson,  and  discharges  about  1,200,000  gallons  of  unpurified 
sewage  daily  through  a  combined  system  of  sewerage. 

Albany,  the  capital  of  the  State  of  New  York,  has  also  decreased  in 
population.  During  the  decade  1890-1900  the  loss  amounted  to .  81  per 
cent.  Although  in  the  past  the  city  has  suffered  severely  from  polluted 
water  supply,  the  filters  recently  installed  under  the  direction  of  Mr. 
Allen  Hazen,  M.  Am.  Soc.  C.  E.,  have  made  Hudson  River  water 
acceptable.  The  sewers  discharge  raw  wastes  into  the  Hudson,  but 
there  appear  to  be  no  available  records  of  gagings  of  the  amount. 
The  average  daily  consumption  of  water  at  the  present  time  is,  how- 
ever, about  18,000,000  gallons. 

Rensselaer,  situated  opposite  Albany,  in  Rensselaer  County,  is  a 
municipality  in  which  there  has  been  a  slight  growth,  the  population, 
according  to  the  Twelfth  Census,  being  7,466.  It  is  supplied  with 
water  from  the  Hudson,  filtered  by  a  Jewell  mechanical  filter.  A 
separate  system  of  sewerage  discharges  raw  wastes  into  the  river,  the 
amount  of  which  is  said  to  average  about  1,500,000  gallons  daily. 
The  accuracy  of  this  statement  is  uncertain,  however,  and  it  is  prob- 
able that  the  actual  discharge  is  considerably  more  than  the  above. 

Watervliet,  formerly  known  as  West  Troy,  and  Troy,  which  now 
includes  the  former  city  of  Lansingburg,  have  a  combined  population 
of  87,567.  The  increase  in  population  at  Watervliet  and  Lansing- 
burg has  been  normal,  but  at  Troy  the  Twelfth  Census  returns  show 
a  decrease  in  the  last  decade  of  300.  Troy  water  is  largely  taken 
from  the  Hudson  and  has  caused  a  great  amount  of  disease.  Plans 
are  now  being  executed  which  will  relieve  this  condition  by  the  con- 
servance  of  a  highland  supply  a  short  distance  away  from  the  city. 
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At  Lansingburg  the  drainage  into  the  Hudson  has  been  defective, 
and  plans  for  making  more  perfect,  more  direct  pollution  have  been 
approved  by  the  State  board  of  health. 

Besides  the  above-mentioned  municipalities  there  are  located  upon 
the  banks  of  this  section  of  the  Hudson  the  following  small  places 
included  in  Table  XH,  some  of  which  have  no  public  sewerage  sys- 
tems, yet  which  furnish  considerable  pollution. 

Tabl£  Xn. — Bopuiation^  water  supply,  and  sewerage  of  certain  towns  on  Hudson 

River. 


Athens 

New  Baltimore 

CoeTinan 

Hyde  Park 

Bath 

Rhinebeck 

TiToli 

OnBtleton 


Popvlatioii. 


iwa 


4,887 
£,aM  I 

8,881  I 

8,881 

1,648  • 

1,8B0 

1,187 

1,8U 


1900. 


8,8TB 
8,171 
8,888 
8,9» 

8,806 
4,9M 
1,4»4 
1,163 
1,214 
8,786 


Change 


I 
~     I^j.    ■  Sewerage. 


640 
147 
178 


-  16 
+1,788 

-  166 

-  187 

+      87 
+1,184 


Yes 

No. 

No 

Do. 

Yes 

Do. 

...do 

Do. 

No 

Do. 

Yee 

Do. 

....do 

Do. 

Yee 

Yee. 

Above  Troy  navigation  on  the  Hudson  is  confined  to  the  transfer  of 
canal  boats  through  the  xmx>1  of  the  State  dam  at  Troy  up  the  river  to 
Waterford,  where  they  enter  the  Champlain  Canal.  According  to 
recent  reports  there  has  been  a  reduction  in  canal  traffic  in  New  York 
State,  so  that  the  value  of  the  river  above  Troy  for  heavy  traffic  can 
be  regarded  as  somewhat  transitory.  Above  this  point,  then,  the 
liver  is  valuable  principally  for  jiower,  water  supply,  and  ice. 

Civic  pollution  becomes  more  important  above  the  confluence  of  the 
Mohawk,  where  the  flow  is  considerably  less,  and  the  danger  is  that, 
as  the  cities  increase  in  population,  there  will  arise  conditions  similar 
to  those  on  the  Passaic.  The  cities  and  villages  above  Troy  have  all 
shown  a  healthy  growth  during  the  jmst  decade,  and,  strangely 
enough,  have  collectively  increased  at  a  rate  far  higher  than  places 
nearer  the  metropolis. 

Table  XTTT. — Centers  of  pollution  on  Upper  Hudson. 


aty. 


Cohoee , 

Waterford.... 

MechanlcTllIe 

SchaylerTJlIe . 
Fort  Edward . 
Sandy  Hill.... 
GleneFiaUB... 


Population. 


1800. 


88,619 


(«) 


8,679 


1,8B7 
9,500 


S 


1900. 


88,910 
3,146 

4,096 

1,601 

3,251 

4,473 

12,613 


»«'«"««•  ?te(. '  s^ijf;. 


Yes I  Hudson 

and  Mo- 
hawk. 
Mohaw  k 
and  Hud- 


Combined 


No. 
Yee. 
No. 
Yes. 


son, 
Hudson 


Hudson .. 


Hudson 


Yee. 


Hudson 
River. 

Plum 

Brook. 
No. 
Yes. 

Do. 

Do. 


a  Incorporated  since  1800. 
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The  above-named  cities  and  villaii:e8  represent  a  sewered  population 
of  47,615.  Mechanicville  is  a  tillage  devoted  to  manufacturing,  the 
thread  industiy  being  the  most  important.  It  shows  a  growth  of 
about  74  per  cent  during  the  past  decade.  SchuylerviUe  has  consid- 
erable private  drain  pollution,  yet  it  is  without  marked  effect  upon 
the  river.  At  Fort  Edward  there  is  a  satisfactory  water  supply,  and 
a  sewerage  system  has  been  recently  constructed  which  extends  nearly 
throughout  the  corporate  limits. 

Sandy  Hill  is  another  thriving  village,  showing  a  growth  of  55  per 
cent  during  the  last  decade.  Although  no  sewerage  system  has  yet 
been  constructed,  the  river  pollution  is  comparatively  serious.  In 
1896  plans  for  a  system  of  sewerage  and  disposal  works  were  submitted 
to  the  State  board  of  health  and  accepted,  so  that  even  though  noth- 
ing further  has  been  accomplished  the  establishment  of  another  source 
of  pollution  can  not  be  far  removed.  Glens  Falls,  a  short  distance 
above  Fort  Edward,  is  supplied  with  water  and  se^v^erage  systems, 
which  are  well  extended  through  the  village.  The  place  of  the  final 
disposal  of  the  sewage  is  described  by  the  village  engineer,  Greorge  P. 
Slack,  as  a  '^  sink  hole  in  ledge,''  which  probably  means  that  it  takes 
the  most  obvious  course,  i.  e.,  the  Hudson  River,  accompanied,  very 
likely,  by  a  slight  purification.  This  village  has  a  population  of 
12,613,  having  increased  from  9,509  during  the  last  decade. 

This  part  of  the  river,  comprising  in  its  drainage  area  about  5,000 
square  miles,  is  said  to  have  an  average  flow  of  about  174,528,000 
cubic  feet  daily,  which  is  probably  approximately  correct.  It  par- 
takes of  the  nature  of  a  highland  river,  having  a  fall  from  Glens  Falls 
to  Troy,  a  distance  of  46.5  miles,  of  282  feet,  and  is  largely  given  up 
to  lumber  business  and  lime  manufacture. 

Waterford  and  Cohoes  are  at  the  mouth  of  the  Mohawk.  At 
both  places  mill  manufacturing  is  the  largest  industry,  Cohoes  possess- 
ing one  of  the  largest  cotton  mills  in  the  world.  Pollution  from  these 
two  cities,  added  to  that  already  imparted  to  the  Mohawk  from  cities 
above,  is  responsible  for  the  high  morbidity  rate  from  waterborne 
diseases  in  the  cities  of  Troy  and  Albany. 

EASTERN  TRIBUTARIES  OP  THE  HUDSON. 

The  tributaries  of  the  Hudson  that  receive  only  pollution  incident 
to  the  drainage  of  unoccupied  land  require  only  slight  consideration 
in  these  pages,  while  those  that  are  comparatively  normal  as  to  con- 
dition of  water  do  not  come  within  the  scope  of  this  discussion.  The 
tributaries  entering  the  Hudson  from  the  east  belonging  to  the  first 
class  above  noted  are  Landsman  and  Wynant  kills  and  Kinderhook 
Creek. 

Landsman  Kill,  a  small  stream  entering  the  Hudson  at  Yanderburg 
Cove,  carries  considerable  pollution  from  the  viUage  of  Rhinebeck, 
which  contains  1,484  inhabitants.     A  report  from  the  secretary  of  the 
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local  board  of  health  stated  that  a  water  supply  has  been  provided  and 
that  the  village  has  no  syst-em  of  sewerage.  It  is  further  stated  that 
at  least  75,000  gallons  of  sewage  a  day  enters  the  stream.  The  method 
of  estimating  this  amount  is  not  shown,  however,  and  it  is  more  than 
probable  that  the  result  is  a  wide  approximation  made  with  question- 
able data.  However  this  may  be,  it  is  certain  that  the  amount  ejected 
has  no  appreciable  effect  upon  the  lower  reaches  of  the  river,  and  its 
presence  is  apparent  locally  only  in  the  area  immediately  around  the 
various  points  of  discharge.  The  village  of  Rhinebeck  has  decreased 
considerably  in  population  during  the  past  decade,  and  the  question 
of  future  XK)llution  at  this  point  can  not  be  regarded  as  serious. 

Wynant  Kill  empties  into  the  Hudson  a  short  distance  below  Troy, 
having  flowed  northwest  through  an  agricultural  region.  Its  ultimate 
source  of  supply  is  a  chain  of  lakes  in  and  around  the  town  of  Sand- 
lake,  in  Rensselaer  County.  At  Averill  Park  and  other  small  settle- 
ments there  is  unimportant  pollution.  The  drainage  area  seems  to  be 
slowly  losing  its  population  and  the  future  is  therefore  not  regarded 
with  apprehension. 

Kinderhook  Creek  passes  through  country  similar  to  that  drained  by 
Wynant  Kill.  Upon  its  banks  are  the  comparatively  important  set- 
tlements of  Nassau,  Valatie,  and  Stockport.  The  latter  is  ui)on  Clav- 
eraek  Creek  near  its  confluence  with  Kinderhook.  The  observations 
above  made  may  well  apply  to  the  conditions  upon  this  creek. 

Hoosic  River  and  Batten  Kill  are  polluted  to  a  greater  extent  than 
the  rivers  considered  immediately  above.  Both  of  these  streams,  and 
especially  the  former,  are  damaged  considerably  by  contaminating 
waters. 

Upon  Hoosic  River  are  the  centers  of  i)opulation  shown  in  Table 

XIV. 

Table  XIV. — Centers  of  pojnilation  on  Hoosic  River, 


Name. 


Schae^hdooke  . 
JohnsoxiTille  a . 
Valley  FaDso . 
Hoosic  Falls... 
Caxnbridcre 


Population. 


189D. 


1,258 


Benninffton . . 
North  Adams 


7,014 
1,698 

8,971 
16,0i7 


1000. 


1,061 


Water. 


6,671 
1,578 

5,666 


No.. 
....do 
....do 

Yea.. 
....do 

....do 
do 


Sewerage. 


No;  many  private  drains  in  Hoosic. 
No. 

Do. 
Yes;  separate  system. 
No;    many  priyate  drains  in  Owl 

Kill. 
Yes. 
Yes;  partly  emptying  into  Hoosic. 


<>  Part  of  Pittston  town;  no  separate  returns. 


The  Hoosic  drainage  basin  extends  through  Rensselaer  and  parts 
of  Washington  and  Columbia  counties  into  the  States  of  Vermont 
and  Massachusetts,  comprising  an  area  of  730  square  miles.  The 
average  flow  of  the  river  is  stated  to  be  about  450  cubic  feet  per  sec- 
ond, with  a  minimum  of  180.  It  is  a  most  important  power  system, 
and  for  that  reason  there  is  a  fairly  large  population  within  the  basin. 
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At  Schaghtiooke,  a  village  of  1,061  inhabitants,  there  is  no  public 
water  supply  and  no  sewerage  system,  but  there  is  nevertheless  a 
large  amount  of  pollution  from  drains  and  factories,  which  undoubt- 
edly has  an  appreciable  effect  upon  the  water  of  the  river. 

At  Hoosic  Falls  there  are  5,671  inhabitants  supplied  with  water 
from  wells  dug  along  the  banks  of  the  river.  Filtration  is  such  that 
the  pollution  above  this  point  does  not  affect  the  water  drawn  from 
the  wells.  Thei'e  is  also  a  separate  sewerage  system,  emptying  raw 
sewage  into  the  Hoosic. 

On  a  branch  of  the  Hoosic  called  Owl  Kill  is  the  village  of  Cam- 
bridge, with  1,578  inhabitants.  It  has  a  water  supply  and  no  sewers, 
so  that  the  pollution,  although  considerable  in  amount,  is  somewhat 
indirect. 

Bennington,  in  Vermont,  with  a  population  of  5,656,  has  a  sewerage 
system  emptying  into  the  Wallomsic,  a  branch  of  the  Hoosic. 

At  North  Adams,  Mass.,  a  city  of  24,200  inhabitants,  lying  near 
the  head  of  Iloosic  River,  there  arises  the  most  serious  contamination 
along  the  whole  length  of  the  stream.  The  condition  is  at  times 
exceedingly  offensive,  and  the  local  board  of  health  has  found  it 
advisable  to  prohibit  the  sale  of  ice  from  the  river  and  from  polluted 
ponds  emptying  into  it.  The  condition  is  well  set  forth  in  the  reports 
of  the  Massachusetts  State  board  of  health.  The  following  table  of 
average  analyses  is  taken  from  the  report  issued  for  the  year  1900 
(p.  330),  the  water  having  been  taken  from  the  river  at  Williams- 
town,  a  short  distance  below  North  Adams. 

Table  XV. — Chemical  examination  of  water  from  the  Hoosic  River  at  Williams' 

toum,  Mass, 

[AveragreB  by  years,  in  jMtrts  per  million.] 


Tnrbid- 
ity.a 

Nitrogen  as- 

Chlo- 
rine. 

Total 
residne. 

Date  of  col- 
lection. 

Color,  b 

1.0 
8.8 
2.8 
2.1 
2.3 
2.4 
2.8 
2.4 

Albumi- 
noid am- 
monia. 

Free  am- 
monia. 

1 
Nitrites.  (Nitrates. 

1 

1888 

D. 
D. 
D. 
D. 
D. 
D. 
D. 
D. 

o 

•      ••■••■• 

0.040 
.111 
.146 
.261 
.125 
.152 
.228 
.828 

0.010 
.009 
.013 
.015 
.008 
.005 
.018 
.026 

0.806 
.157 
.162 
.823 
.262 
.187 
.141 
.146 

2.4 
8.5 

a9 

4.4 
2.7 
2.6 
5.0 
4.7 

102.1 
107.7 
124.1 
118.8 
99.2 
91.3 
128.7 
118.6 

1894 

1896 

1896 

1897 

1898 

1889 

1900 

13 
81 
81 
64 
58 
69 
66 


a^^D.*^  is  a  term  used  to  indicate  the  general  appearance  of  the  water,  and  means  **  decided.^' 
b  Determined  according  to  Neasler  standards. 

In  the  above  table  it  is  of  interest  to  note  the  increase  from  year  to 
year  in  the  ammonias,  nitrites,  and  chlorine,  indicating  unmistakably 
the  increase  in  pollution  from  North  Adams,  along  with  municipal 
growth. 

The  Hoosic  River  is  therefore  a  stream  which  becomes  a  trouble- 
some nuisance  almost  at  its  starting  point,  and  passes  through  Ver- 
mont into  New  York  State  in  a  badly  damaged  condition.    During 


LBioHTON.]        WESTERN   TBIBUTABIES   OF   HUDBON   RIVER. 


43 


the  long  stretches  through  New  York  it  improves  in  quality  through 
oxidation  of  its  organic  contents  and  sedimentation  of  its  suspended 
D)att«r,  and,  in  spite  of  the  contamination  it  receives  at  various  points, 
enters  the  Hudson  probably  in  bett-er  condition  than  when  it  crosses 
the  New  York-Vermont  State  line.  It  is  the  clearest  case  of  inter- 
state pollution  which  we  have  yet  considered. 

Next  above  the  Hoosic  is  Batten  Kill,  which  is  one  of  the  most  val- 
uable power  streams  tributary  to  the  Hudson.  It  has  a  drainage  area 
of  about  450  square  miles,  and  the  average  flow  has  been  roughly 
determined  at  about  280  cubic  feet  per  second. 

The  imxK)rtant  centers  of  x>opulation  along  the  river  are  Greenwich 
and  Salem,  which  have  1,869  and  3,191  inhabitants,  respectively. 
Neither  of  these  places  has  a  public  sewerage  system,  yet  pollution  of 
the  river  from  these  x>oints  is  well  marked. 

It  is  a  surprising  fact  that  nearly  all  of  the  towns  and  villages 
lying  east  of  the  Hudson  in  New  York  seem  to  be  unprogressive, 
many  of  them  having  decreased  in  population  during  the  last  decade. 
Pollution  is  therefore  not  a  growing  danger  in  the  eastern  tributaries, 
and  the  water  which  flows  from  them  into  the  Hudson  is  pure  as  com- 
I>ared  with  that  of  the  main  river. 

WESTERN  TRIBUTARIES  OF  THE  HUDSON. 

Pollution  ui)on  the  western  basin  of  the  Hudson  is  far  more  serious 
than  that  on  the  east.  The  facts  concerning  the  important  rivers 
joining  the  main  river  from  the  west  are  given  in  Table  XVI 


Table  XVI. — Western  tributaries  of  Hudson  River, 


Stream  or  branch. 


Number  of 

poUntion  I      Nomber  of  sewerage  systems, 
iwints. 


Rondont  Creek 

WalUdU 

Eaopiis  Creek 

CatBkiU  Creek 

Kaaterskill 

Hannacrois  Creek 

Norman  Kill 

Mohawk  River.    (See  special  diacnsBion  below. ) 

Anthony  Kill 

Fish  Creek 

Sacanda^  River 

Indian  River 

Cedar  River 

Rock  River 


None. 

3;  two  doing  considerable  damage. 

1:  -part  of  Kingston  system. 

None. 

Do. 

Do. 

Do. 

1 
2 
None. 

Do. 

Do. 

Do. 


Catskill  and  Esopus  creeks,  Wallkill  River,  and  Rondout  Creek 
have  during  the  last  few  months  received  the  attention  of  the 
engineering  corps  of  the  water  department  of  New  York  City  in 
cooperation  with  the  Division  of  Hydrography  of  the  United  States 
Geological  Survey.  The  various  drainage  areas  have  been  exam- 
ined, and  gaging  stations  have  been  established  in  the  streams  at 
convenient  and  important  points. 
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RONDOUT  CREEK  AND   WALLKILL  RIVER. 

Entering  the  Hudson  at  Kingston  is  Rondout  Creek,  which  drains 
an  important  area  in  New  York  and  a  few  square  miles  in  New  Jersey. 
Its  principal  tributary  is  the  Wallkill,  whose  drainage  area  is  described 
in  Water-Supply  and  Irrigation  Paper  No.  65,  pages  71  and  72.  At 
New  Paltz,  N.  Y.,  a  gaging  st*ation  has  been  est>ablished,  and  the 
current-meter  measurements  that  have  teen  made  at  that  place  since 
July,  1901,  are  reproduced  upon  pages  72  and  73  of  the  above- 
mentioned  report. 

The  principal  branch  of  the  Wallkill  is  Shawangnnk  Creek.  A 
large  amount  of  sewage  enters  the  main  river,  and  of  late  it  has 
increased  markedly.  The  pnncipal  foci  of  pollution  are  at  New 
Paltz,  Modena,  Gardiner,  Wallkill,  Walden,  Montgomery,  Goshen, 
Middletown,  Warwick,  New  Millford,  Hamburg,  Deckertown,  and 
Florida.  At  Middletown  (a  manufacturing  and  dairy  center)  there 
has  been  established  a  sewerage  system  which  discharges  into  a  small 
tributary  of  the  Wallkill  a  total  of  about  865,000  cubit  feet  of  sewage 
per  day.  The  damage  arising  from  this  practice  has  been  so  great 
that  it  was  made  the  subject  of  a  special  investigation  by  the  Stale 
board  of  health  of  New  York.  In  the  twelfth  annual  report  of  that 
body  is  an  account  of  the  investigation,  written  by  Mr.  Charles 
C.  Brown,  formerly  a  professor  at  Union  College,  Schenectady.  A 
part  of  Professor  Brown's  report  reads  as  follows : 

The  condition  of  the  stream  in  the  fntnre,  if  left  unattended  to,  will  become 
rapidly  worse,  for  the  amount  of  pollution  entering  the  stream  is  rapidly  increas- 
ing. The  sewerage  system  of  the  city  of  Middletown  is  practically  but  two  years 
old  [1891]  and  the  proportion  of  houses  connected  with  the  system  is  still  quite 
small.  ♦  ♦  ♦  Additional  sewers  are  put  in  at  frequent  intervals  and  the  city 
is  steadily  increasing  in  population.    *    *    « 

This  makes  early  attention  to  the  improvement  of  the  stream  absolutely  necessary. 

As  far  as  Mohegan  Brook  is  concerned,  the  trouble  could  be  remedied  by  con- 
structing an  outlet  sewer  to  Wallkill  River.  I  believe  the  river  is  not  large  enough 
to  take  care  of  the  amount  of  sewage  discharged  from  the  main  sewer  without 
the  production  of  nuisance.  Villages  along  the  course  of  the  Wallkill  below  Mid- 
dletown are  discussing  the  propriety  of  using  the  water  for  domestic  purpose. 

Since  the  date  of  this  report,  Middletown  has  increased  to  a  city  of 
14,552  inhabitants,  a  gain  of  21  per  cent  over  the  returns  for  1890. 
The  average  daily  water  consumption  is  2,000,000  gallons,  and  Mohegan 
Brook  has  been  condemned  by  the  courts  as  a  sewage  course,  making 
it  necessairy  for  the  city  to  provide  a  sewage-purification  plant. 

At  Goshen  the  pollution  of  the  small  creeks  which  run  through  the 
village  is  remarkable.  In  a  report  made  to  the  State  board  of  health 
in  1890  Professor  Brown  stated: 

This  brook  at  present  receives  much  drainage  from  houses  and  business  blocks 
in  the  village  and  nearly  all  the  street  drainage.  But  the  headwaters  of  one  branch 
of  the  stream  furnish  the  water  supply  for  the  village,  and  what  is  left  forms  only 
a  small  brook,  which  must  become  very  foul  during  ordinary  seasons  when  there 
are  no  frequent  heavy  showers  to  flush  It  out.  On  my  last  visit  I  found  the  brook 
in  this  foul  condition,  throughout  Doth  its  main  branches  in  the  village.    *    *    * 
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I  have  no  doubt  that  the  condition  of  this  brook  is  responsible  to  a  large  extent 
for  the  epidemics  of  zymotic  diseases  to  which  the  village  seems  to  be  subject. 

A  water  and  sewerage  system  has  been  installed  at  Walden,  a  thriv- 
ing dairying  center  of  3,147  inhabitants.  The  totial  daily  water  con- 
sumption is  80,000  gallons,  but  as  the  **  combined  "  system  of  sewerage 
has  been  installed  the  discharge  into  the  Ten  Broeck  and  Wallkill 
is  considerably  more  than  the  water  consumption  in  stormy  seasons. 

Deckertown,  N.  J.,  having  a  population  of  1,306,  has  installed  an 
excellent  water-supply  system,  and  although  no  sewere  have  yet 
been  laid  a  large  amount  of  pollution  entei-s  the  Wallkill.  This 
forms  another  opportunity  for  future  trouble  arising  from  inter- 
state pollution.  The  difficulties  of  regulating  the  New  Jersey  end  of 
the  watershed  were  recognized  in  the  report  of  the  engineering  com- 
mittee of  the  Merchants'  Association  of  New  York  upon  the  Water 
Supply  of  the  City  of  New  York  (p.  78).  It  was  regarded  as  a  * '  serious 
complication  "  in  the  way  of  adopting  the  Wallkill  water  for  the  city  of 
New  York,  although  these  complications  were  recognized  as  due  as 
much  to  other  features  of  interstate  regulation  as  to  pollution. 

Chester  and  Montgomery,  villages  of  1,250  and  973  inhabitants, 
respectively,  are  supplied  with  water  systems,  and  the  i)ollution  of 
the  river  is  by  private  drains  and  contaminated  run-off  water  only. 

New  Paltz,  a  village  of  1,022  inhabitants,  furnishes  a  surprising 
amount  of  contamination,  even  though  it  possesses  no  system  of  sew- 
erage. Plans  were  approved  by  the  State  authorities  for  such  a  sys- 
tem October  27,  1892,  which  provided  for  the  ultimate  disposal  of  the 
sewage  in  Wallkill  River,  with  three  main  points  of  discharge. 
Although  almost  a  decade  has  passed  the  system  has  not  been  laid, 
and  in  the  interim  extensive  private  sewers  have  been  laid  into  the 
Wallkill  in  defiance  of  the  State  authorities. 

KSOPUS  CREEK. 

A  description  of  the  drainage  area  of  Esopus  Creek  appears  upon 
page  63  of  Water-Supply  and  Irrigation  Paper  No.  65,  and  current- 
meter  discharge  measurements  which  have  been  made  at  Kingston 
since  July,  1901,  are  reported  upon  pages  64  and  66  of  the  same  paper. 

On  Esopus  Creek  above  the  city  of  Kingston  there  is  only  incidental 
pollution  from  a  few  small  hamlets,  the  effects  of  which  upon  the  river 
are  not  important.  At  Kingston  there  is  a  system  of  sewerage,  a  part 
of  which  discharges  directly  into  the  stream.  Previous  to  the  installa- 
tion of  this  system  the  State  board  of  health  sent  its  consulting  expert, 
Professor  Brown,  to  examine  into  the  question  of  probable  results  of 
such  installation,  with  especial  reference  to  its  effect  at  Saugerties, 
where  at  that  time  the  water  was  used  for  drinking  purposes  by  about 
900  mill  hands.  A  consideration  of  the  ice  industry  and  the  damage 
that  it  would  probably  suffer  by  the  installation  of  the  sewers  was 
included.  After  determining  the  physical  characteristics  of  the  river 
with  reference  to  its  natural  advantages  for  assisting  the  process  of 
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sedimentation,  and  taking  into  consideration  the  distance  of  the  pro- 
posed outlet  above  Saugerties,  Professor  Brown  made  no  very  direct 
statement  of  the  probable  effect  of  Kingston's  sewage,  but  finally 
recommended  that  all  the  sewage  from  the  west  end  of  the  city  be 
dumped  into  Rondout  Creek,  where  it  would  be  conducted  more 
directly  to  the  Hudson.  This  suggestion  was  not  followed  when  the 
sewerage  system  was  laid,  and  the  results  have  been  marked  in  £sopus 
Creek,  so  that  it  became  necessary  for  the  city  of  Kingston  to  con- 
struct a  sewage  purification  plant.  When  that  part  of  the  system 
now  under  construction  has  been  completed  it  will  properly  dispose 
of  the  sewage  from  two  of  the  nine  wards  now  discharging  into  Esopus 
Creek. 

CATSKILL  GREEK. 

A  description  of  the  drainage  basin  of  Catskill  Creek  appears 
upon  page  61  of  Water-Supply  and  Irrigation  Paper  No.  65.  TThe  rec- 
ords of  current-meter  measurements  of  the  stream  at  South  Cairo, 
N.  Y.,  are  set  forth  upon  page  62  of  said  paper.  The  Catskill,  with 
its  principal  branch,  the  Kaaterskill,  is  another  of  the  western  tribu- 
taries of  the  Hudson  that  is  damaged  only  slightly  by  pollution.  Here 
and  there  are  small  villages  along  the  banks,  none  of  which  have  sew- 
erage systems,  but  which  contribute  manufacturing  wastes  and 
private-drain  sewage  in  appreciable  amounts,  yet  which  as  a  whole 
have  no  marked  effect  upon  the  character  of  the  water.  Catskill,  a 
city  at  the  mouth  of  the  river,  is  the  only  large  place  on  it,  and  the 
pollution  from  there  is  carried  quickly  into  the  Hudson. 

Hannacrois  and  Coeyman  creeks  and  Norman  Kill  are  not  impor- 
tant from  the  standpoint  of  pollution. 

MOHAWK  RIVER. 

This  great  western  arm  of  the  Hudson  is  nearly  as  widely  known 
as  the  main  river  itself.  The  valley  of  the  Mohawk  was  made  famous 
in  colonial  times  by  Indian  wars,  and  its  beauty  and  the  fertility  of 
its  land  made  it  a  favored  line  of  western  travel  along  which  New 
England  emigrants  passed  or  within  which  they  settled  according  to 
their  tastes  and  resources.  Cities  along  the  banks  of  this  river  have 
grown  into  prominence,  especially  since  the  opening  of  the  Erie  Canal, 
and  it  is  a  favored  section  of  the  country,  which  is  generally  regarded 
as  continuously  prosperous. 

Under  the  authority  of  the  United  States  Geological  Survey  and 
the  New  York  State  engineer  and  surveyor,  the  Mohawk  has  been 
studied  as  has  no  other  tributary  of  the  Hudson.  The  results  of  this 
work  are  recorded  in  the  Twentieth  Annual  Report  of  the  Survey 
and  in  the  State  Report  by  Edward  A.  Bond,  State  engineer,  made 
December  1,  1901,  entitled  Report  on  the  measurement  of  the  volume 
of  streams  and  the  flow  of  water  in  the  State  of  New  York. 

According  to  the  latter  report  the  drainage  area  of  the  Mohawk  is 
3,400  square  miles.     Results  of  measurements  of  flow  at  a  station 
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located  at  the  New  Yortt  State  feederdam,  i  miles  below  Schenectady, 
are  expressed  in  the  following  diagram : 


FlO.  «.-DiacliBiVB  of  Mohawk  Kiver  at  Bextord  Ftata,  N.  T.,  1896-1800. 
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SimilAr  measurements  were  luade  at  Little  Falls,  Herkimer  County 
with  results  expressed  as  follows: 


Tio.  S  -I>lsctwrgeof  Mohawk  KTer  U  Little  fUls.  N.T.,  18 


LKJOHTOIf.] 


MOHAWK   RIVIEB. 


49 


The  principal  tributaries  of  the  Mohawk  are  Schoharie  C'reek,  with 
a  drainage  area  of  974  square  miles,  East  Canada  Creek,  draining 
285.7,  and  West  Canada  Creek,  the  basin  of  which  covers  584  square 
miles.  This  leaves  to  the  main  river  and  minor  tributaries  a  drain- 
age area  of  about  1,557  square  miles.  The  centers  of  population  on 
the  Mohawk  proper,  from  the  point  of  view  of  pollution,  are  set  forth 
m  Table  XVII: 

Table  XVH. — Centers  of  population  on  Mohawk  River. 


Name  of  municipaUty. 


Population. 


IBW. 


Schenectady . 
Amsterdam.. 

Fonda 

Cuudpharie  . 
FortPlain  ... 

Nellieton 

St.  Johnsvme 
Utile  FiUs... 

Herkimer 

Mohawk 

Dion 

FrankfoTt 

Utica 

Bome 

PoltaaylUe... 


19,900 
17,886 
1,190 
2,060 
2,864 
721 
1,268 
8,788 


1,806 
4,067 
2.281 
44,007 
14,991 
1,122 


1900. 


Water    Sewerage 
sapply.      system. 


81,682 

20,929 

1,146 

2,101 

2,444 

634 

1,873 

10,881 

6,565 

2,028 

5,188 

2,664 

66,883 

18,348 

977 


Yee... 

...do. 

....do. 

(«) 
Yes... 

Yes... 
....do. 
....do. 

(«) 
Yes... 
No... 
Yes... 
....do. 
No... 


Yes.... 
....do.. 
....do-. 

^    ^"^ 
Yes 

XT     ^"^ 

No 

Yes.... 
...do.. 

^   ^"> 
Yes 

Partial 

Yes.... 

...do.. 
No.... 


Sewered 
nlatron. 


31,682 

20, 9» 

1,145 


2,444 


10,881 
5,665 


5,188 


120,428      162,277 


56,883 
18,848 


162,000 


«  No  returns. 


The  city  of  Schenectady,  the  first  above  Cohoes,  is  an  important 
manufacturing  center.  It  is  provided  with  water  from  wells  outside 
the  city  limits,  a  new  supply  which  was  installed  when  the  city  was 
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Fio.  4.— Diagram  showing  extent  of  pollution  at  various  plaoes  along  Mohawk  River. 

obliged  to  give  up  the  use  of  the  raw  water  from  the  Mohawk  because 
of  pollution  from  the  cities  above.  There  is  also  established  a  sepa- 
rate system  of  sewerage,  from  which,  according  to  rough  measure- 
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inents,  there  are  poured  into  the  river  6,000,000  gallous  of  raw  sewage 
daily. 

Amsterdam,  a  short  distance  above  Schenectady,  is  also  provided 
with  a  separate  system  of  sewerage.  The  small  villi^es  of  Fort 
Hunter,  Fultonville,  Fonda,  Canajoharie,  Fort  Plain,  and  Nelliston 
follow  in  the  order  stated,  each  adding  its  increment  to  befoul  the 
water  of  the  Mohawk.  At  Fonda  and  Fort  Plain  the  sanitary  and 
storm  sewers  pour  considerable  sewage  into  the  river,  while  at  the 
other  places  there  is  only  the  incidental  pollution  common  to  unsew- 
ered  towns. 

At  St.  JohnsvlUe  there  is  provided  a  double  system  of  water  sup- 
ply, one  part  of  which  is  for  domestic  purposes  and  the  other,  drawn 
from  a  local  creek,  for  fire  and  domestic  purposes.  The  filthy 
impregnation  of  the  soil  is  immense,  and  the  report  of  the  secretary 
of  the  local  board  of  health  states  that,  while  the  amount  of  sewage 
flowing  into  the  river  has  not  been  determined,  there  is  "plenty  of  it." 

Little  Falls  has  established  a  combined  system  of  sewerage,  which 
has  been  extended  throughout  the  corporate  limits.  Herkimer  has  a 
separate  system,  which  discharges  about  200,000  gallons  of  raw  sewage 
daily.  At  Ilion  sewers  have  been  extended  practically  throughout 
the  corporate  limits,  and  from  them  about  300,000  gallons  are  poured 
into  the  Mohawk.  Farther  up  on  the  river  is  the  large  city  of  TJtica, 
grossly  polluting  the  river,  and  finally  Rome,  the  sewerage  system  of 
which  constitutes  the  head  of  pollution. 

TBIBUTAKIES  OF  MOHAWK  RTVBB. 

Cobleskill  is  the  only  important  point  of  pollution  upon  Schoharie 
Creek,  while  West  and  East  Canada  creeks  have  not  at  the  present 
time  sufficient  pollution  to  warrant  attention  here. 

The  foulest  branch  of  the  Mohawk  is  Cayadutta  Creek,  a  small 
stream  entering  the  Mohawk  from  the  north  at  Fonda.  The  nuisance 
occasioned  by  sewage  from  Gloversville  and  Johnstown  has  been  of 
sufficient  importance  to  demand  a  special  investigation  by  order  of 
the  governor  of  the  State  of  New  York. 

The  following  extracts  are  taken  from  the  Eighteenth  Annual 
Report  of  the  State  Boai-d  of  Health  of  New  York  (pp.  85-100) : 

The  undersigned  residents  of  the  city  of  Johnstown,  N.  Y.,  respectftilly  b^ 
to  present  to  your  attention  the  unwholesome  condition  of  a  certain  portion  of 
this  city,  situated  along  East  Main  street  and  near  the  foot  of  Chase  street,  con- 
sisting of  low,  marshy  land,  having  communication  by  a  small  stream  crossing 
Chase  and  East  Main  streets,  known  as  Prindle  Creek,  with  Hale  Cre^,  a  large 
stream  flowing  for  some  distance  parallel  to  East  Main  street,  and  about  850  feet 
distant  therefrom,  and  emptying  into  Schlver's  Pond,  the  waters  of  which  flow 
into  Cayadutta  Creek  and  thence  into  the  Mohawk  River  at  Fonda,  N.  Y.,4 
miles  to  the  south.  Into  this  locality  and  into  the  said  Prindle  Creek — the  waters 
of  which  are  very  low  during  the  summer  season  at  the  point  where  said  creek 
crosses  East  Main  street — empties  a  sewer  about  12  inches  in  diameter,  running 
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throogh  a  portion  of  East  Main  street  west  of  said  Prindle  Creek,  which  conyeys 
sewage  from  the  honses  along  that  portion  of  East  Main  street  and  from  the 
houses  along  that  portion  of  Fon  Clair  street,  which  intersects  East  Main  street, 
being  about  85  in  number.  Into  Hale  Creek,  a  short  distance  to  the  northwest, 
and  at  a  point  within  250  feet  of  the  residences  along  said  East  Main  street, 
empties  another  sewer  of  the  same  size,  which  conveys  sewage  from  the  honses 
and  business  places  along  the  remaining  portion  of  East  Main  street  west  of 
Prindle  Creek,  and  from  the  honses  on  Olebe  and  a  portion  of  East  State  street, 
which  intersect  said  East  Main  street,  in  all  being  abont  150  in  number.  These 
sewers  have  been  laid  a  number  of  years,  and  their  outflow  has  been  recognized 
and  pronounced  by  the  local  board  of  health  to  be  a  public  nuisance,  and  orders 
have  been  issued  by  said  board  for  the  abatement  of  the  nuisance.  Into  said 
Prindle  Creek  and  the  territory  aforesaid  at  or  near  Chase  street  also  empties  a 
sewer  pipe  about  14  inches  in  diameter,  running  through  Chase  street  and  other 
streets  to  the  south  thereof,  and  which  conveys  the  sewage  from  the  houses  on 
Prospect  street,  Whitmore  avenue,  East  Clinton,  Cady,  and  East  Montgomery 
streets,  a  part  of  East  State  street,  and  a  part  of  Fon  Clair  street.  The  three 
sewers  mentioned  convey  all  the  sewage  from  the  houses  and  business  places  in 
the  southeastern  portion  of  the  city,  comprising  in  all  about  500  in  number.  The 
outlet  of  the  said  Chase  street  sewer  is  within  400  feet  of  the  public  school  on 
East  State  street,  at  which  there  is  a  daily  attendance  of  about  800  pupils. 

The  condition  of  affairs  in  this  portion  of  the  city  has  been  frequently,  during 
the  iHust  two  years,  called  to  the  attention  of  the  local  board  of  health  and  the 
common  council  of  the  city,  as  the  extracts  from  their  minutes  of  proceedings 
hereto  annexed  and  made  a  i>art  of  this  x>etition  will  show,  and  although  they 
have  frequently  taken  the  matter  into  consideration,  no  steps  have  been  taken  to 
correct  or  abate  the  nuisance  and  relieve  the  residents  of  that  portion  of  the  city. 
The  territory  in  the  neighborhood  where  these  sewer  deposits  are  made  is 
surrounded  by  residences  of  the  better  class,  most  of  them  recently  built,  and 
those  along  East  Main  street,  east  of  the  Prindle  Creek,  which  number  thirty-five, 
have  thus  far  been  unable  to  get  any  sewerage,  because  it  is  alleged  that  the  bed 
of  the  Prindle  Creek  is  not  low  enough  to  permit  of  sewering  into  that  stream, 
and  the  local  authorities  have  thus  far  refused  to  provide  any  other  method. 

In  this  connection  it  may  be  well  to  state  that  all  the  sewage  of  the  city  of 
61over8ville,and  most  of  that  of  the  city  of  Johnstown,  is  discharged,  directly  or 
indirectly,  into  the  Cayadutta  Creek,  and  thence  into  the  Mohawk  Biver  at  Fonda, 
without  being  treated,  and  it  has  been  suggested  that  the  territory  referred  to  in 
this  petition  can  be  properly  sewered  by  a  pipe  running  through  the  bed  of  Schri- 
vers  Pond  into  Cayadutta  Creek,  and  it  is  apparent  that  no  special  harm  will 
come  from  this  additional  quantity  of  sewage  thus  disposed  of.  The  undersigned, 
who  live  within  the  pernicious  influence  of  this  nuisance,  which  is  admitted  to 
be  a  nuisance  by  the  local  authorities,  respectfully  represent  that  the  situation 
demands  inmiediate  action,  that  a  loathsome  stench  i>ervades  the  locality  under 
certain  conditions  of  temperature,  and  that  already,  during  the  hot  weather  of  this 
summer,  this  stench  has  been  prevalent.  Sickness  has  occurred  which  has  been 
attributed  by  physicians  to  this  cause.  The  nuisance  increases  in  gravity  every 
year,  while  the  sewage  more  deeply  impregnates  and  pollutes  the  soil. 

The  undersigned  beg  your  excellency  to  lay  the  matter  before  the  State  board 
of  health  with  instructions  to  investigate  it  and  adopt  such  measures  as  shall 
without  delay  put  an  end  to  this  nuisance.  Efforts  have  been  made  for  two  years 
past  without  avail  to  accomplish  this  object,  and  we  appeal  to  your  authority  to 
set  in  motion  the  measures  which  shall  promptly  relieve  us  of  a  distressing  and 
dangerous  pest. 
[Signed  by  thirty-eight  residents  of  Johnstown,  N.  Y.] 
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The  report  of  Dr.  F.  0.  Curtis,  consulting  expert,  Vho  went  to 
investigate  the  conditions  alleged  in  the  above  petition,  is  as  follows: 

Johnstown  is  supplied  with  sewers  which  provide  for  the  house  waste  of  a 
considerahle  portion  of  the  city,  all  emptying  into  Cayadntta  Creek.  East  Main 
street,  referred  to  in  the  petition,  is  a  continuation  of  Main  street  into  a  more 
recently  hmlt  part  of  the  city.  The  topography  is  snch  that  it  is  impossible  for  a 
sewer  from  this  section  to  connect  with  already  existing  sewers,  as  it  lies  at 
a  considerably  lower  level.  East  Main  street,  which  is  built  up  with  detached 
residences  of  a  good  class  for  some  distance,  has  no  sewerage  outlet,  the  residences 
depending  upon  cesspools  for  their  waste.  To  the  southeast  of  this  street  the 
ground  rises  rather  abruptly,  and  several  streets,  more  or  less  built  up,  are  laid 
out  upon  it.  Coming  down  from  this  territory  is  a  small  stream,  Prindle  Creek, 
which  traverses  East  Main  street  obliquely  and  flows  across  low  meadows  to 
Cayadutta  Creek,  or,  rather,  in  its  course,  through  Schrivers  Pond.  This  is  the 
natural  drainage  medium  for  the  southeastern  area  of  the  city.  The  stream  as  I 
saw  it,  after  prolonged  rain,  was  a  considerable  one,  but  it  soon  dwindles  to  a  very 
moderate  flow  of  perhaps  10  gallons  per  second.  Just  before  it  reaches  East  Main 
street  it  crosses  Chase  street,  which  extends  up  the  abrupt  hillside  for  a  few 
blocks  and  terminates  at  the  bottom,  as  do  all  its  x)arallel  streets,  in  East  Main 
street.  In  this  Chase  street  is  a  recently  laid  l^inch  tile  sewer  which  collects 
and  carries  off  the  sewage  not  only  of  Chase  street,  but  of  a  number  of  lateral 
streets  which  branch  into  it.  This  sewer,  with  no  provision  for  flushing  it, 
terminates  beneath  a  small  bridge  in  the  little  stream,  and  as  the  volume  of  this 
stream  is  inadequate  to  carry  away  the  sewage  thus  turned  into  it,  this  deposits 
directly  at  the  sewer  outlet  and  along  its  course,  especially  in  the  low  meadow 
land  on  the  other  side  of  East  Main  street..  It  becomes  a  tortuous,  uneven,  oi)cn 
sewer,  and  by  means  of  its  improper  use  a  serious  nuisance,  inevitably  filling  the 
surrounding  atmosphere  with  offensive  and  unwholesome  odors.  There  is  no 
question  of  this,  from  my  own  observation,  nor  on  the  part  of  the  health  officer 
and  citizens  with  whom  I  conferred. 

In  the  Nineteenth  Annual  Report  of  the  State  Board  of  Health 
(pp.  74-76)  Prof.  Olin  H.  Landreth,  who  was  engaged  by  the  city 
of  Johnstown  to  investigate  the  matter,  reports  in  part  as  follows: 

The  only  manufacturing  waste  of  sufficient  amount  to  warrant  consideration  in 
conjunction  with  the  matter  of  sewage  is  the  tannery  and  leather-dressing  waste 
and  refuse.  There  are  at  least  18  establishments  in  the  city  engaged  in  this 
business,  employing  in  the  aggregate  about  750  men  when  in  ordinary  ox)eration. 

Returns  were  duly  received  from  the  majority  of  the  concerns,  representing 
over  two-thirds  of  the  total  number  of  men  employed  and  three-fourths  of  the 
total  output,  and  means  were  taken  to  secure  the  best  estimates  possible  for  the 
remainder  of  the  plants.  The  aggregate  exhibit  for  all  the  plants  representing 
those  covered  by  both  returns  and  estimates  is  as  follows: 

Number  of  men  employed T46 

Weight  of  hides  per  annum  _ i pounds. .  5, 600, 000 

Gallons  of  water  per  diem 150, 000 

Weight  of  lime  per  annum pounds. .  735, 000 

Weight  of  alum  per  annum do 230, 000 

Weight  of  salt  per  annum do . . .  1, 500. 000 

Weight  of  oU  vitriol '. .     do...  45,000 

Weight  of  copperas  per  annum        . .     . - .     -  do f>,  000 

Weight  of  bluestone  per  annum - do 600 
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Wei^t  of  mmiatic  acid pounds..  4,000 

Weight  of  soda  ash do...  50,000 

Weight  of  hyposnlphate  soda _ do 18,000 

Weight  of  bichromate  potash do 12,000 

Weight  of  fish  oils do....  500,000 

Weight  of  flonr do....  100,000 

Weight  of  logwood do....  1,500,000 

Weight  of  Brazil  wood do....  21,000 

Weight  of  fustic do....  820,000 

Weight  of  hypemic -.  _ do 110,000 

Weight  of  quercitron do 28,000 

Weight  of  gambler _ do 500, 000 

Weight  of  anilines do..  .  1,000 

Wei^t  of  lactic  acid do....  1,100 

Weight  of  sal  soda do....  15,000 

Wei^t  of  alder  wood do 7, 000 

Weight  of  egg  yolk do....  105,000 

Aocnrate  statistics  of  the  amount  of  leather  produced  from  the  hides  could  not 
be  obtained,  but  from  estimates  made  by  several  indiyidoals  conversant  with  the 
business  it  is  safe  to  conclude  that  the  weight  of  leather,  independent  of  the 
materials  which  it  finally  contains  as  filling  and  coloring  matter,  is  less  than  one- 
half  the  weight  of  the  hides  used,  indicating  about  3,000,000  pounds  per  annum 
of  refuse  animal  matter,  chemical  preservatives,  and  filth.  Certain  portions  of 
this  refuse  material  are  preserved  for  utilization  as  by-products,  but  there  is  good 
ground  for  the  estimate  that  not  less  than  one-third  of  the  above  amount,  or 
1,000,000  pounds,  and  quite  possibly  2,000,000  pounds,  of  the  most  offensive  parts 
of  this  refnse  from  the  hides  is  discharged  into  the  creek.  The  returns  show  that 
of  the  water  used  by  the  tanneries  less  than  1  per  cent  is  taken  from  the  city 
supply,  the  remainder  being  about  equally  divided  between  creek  water  and  deep- 
well  water. 

Of  the  chemicals  tabulated,  it  is  not  to  be  inferred  that  all  pass  into  the  creek, 
nor  that  all  that  does  pass  enters  the  creek  in  the  chemical  form  in  which  they 
are  tabulated.  A  considerable  i)ortion  of  the  chemical  and  coloring  matter  used 
is  carried  away  in  the  leather,  and  much  of  what  remains  undergoes  neutraliza- 
tion and  other  chemical  changes  before  entering  the  creek,  and  also  to  some  extent 
after  entering  the  creek,  as  not  all  the  establishments  employ  the  same  methods 
and  chemicals  nor  discharge  their  refuse  at  the  same  time.  The  coloring  and 
filling  materials  are  largely  retained  in  the  leather,  while  smaller  proportions  of 
the  active  chemicals  in  the  aggregate  are  so  retained,  and  this  latter  class  of  mate- 
rials forms  the  larger  portion  of  the  whole.  Of  the  5,800,000  pounds  of  chemicals 
and  other  materials  nsed,  not  including  the  hides,  my  inquiries  and  study  of  the 
question  lead  to  the  conclusion  that  not  less  than  3,000,000  pounds  are  discharged 
after  use  into  the  stream  either  in  solution  or  suspension  (except  as  to  the  spent 
time) ,  widely  changed  or  neutralized,  highly  polluted  and  diluted.  If  to  this  we 
added  1,500,000  pounds  per  annum  refuse  from  hides,  estimated  above,  the  aggre- 
gate of  animal  refnse,  chemical,  coloring  matter,  etc.,  discharges  into  the  creek, 
inde2)endently  of  the  water  with  which  it  is  diluted,  will  be  4,500,000  pounds  per 
annum,  or  15,000  pounds  per  working  day. 

The  general  effect  of  pollution  in  the  Mohawk  and  Hudson,  from 
Rome  to  Albany,  has  been  carefully  studied  by  Prof.  C.  C.  Brown 
and  Dr.  Theobald  Smith,  under  the  authority  of  the  State  board  of 
health,  and  a  statement  of  the  results  is  made  in  the  reports  for  1802 
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and  1893,  pages  531-547  and  680-736,  resi)ectively.  Chemical  exami- 
nations of  water  from  Hudson  and  Mohawk  rivers  through  Schenectady 
to  Cohoes  were  made  by  Prof.  William  P.  Mason  and  Willis  G. 
Tucker,  while  the  biological  and  engineering  work  was  under  the 
charge  of  Messrs.  Smith  and  Brown,  respectively. 

The  investigation  shows  in  a  striking  manner  the  effect  of  pollution 
upon  the  waters  of  the  Mohawk.  Starting  above  Rome,  where  the 
water  is  practically  normal  both  from  a  chemioarl  and  bacteriological 
standpoint,  the  samples  taken  at  different  points  along  the  river  to 
the  mouth  show  greater  or  less  pollution  according  as  the  points  from 
which  they  were  taken 'were  near  to  or  some  distance  below  the  out- 
lets of  sewers  of  the  different  cities.  By  way  of  illustration,  the  series 
of  chemical  analyses  made  by  Prof.  William  P.  Mason  is  reproduced 
in  Table  XVIII,  taken  from  the  IVelfth  Annual  Report  of  the  State 

Board  of  Health  of  New  Yqrk,  pages  544-545. 

• 

Table  XVUI. — Pollution  at  different  points  on  Mohawk  and  Hudson  riven, 

[The  analysoB  are  In  parts  per  100,000.] 


At  Rome 

1.  JoBt  above  Schenectady 

2.  Just  below  Mill  Creek 

8.  Schenectady  intake 

4.  Below  New  York  Central  bridge. . . 

6.  Just  below  main  Schenectady  aewer 
0.  Between   Delaware  and  Hudson 

and  highway  bridges 

7.  Opposite  lower  ice  houses 

8.  One  mile  above  aqueduct  dam 

9.  Crest  of  aqueduct  dam 

Dunsbeck*8  ferry 

10.  Crest  of  Cohoes  dam 

11.  Below  Cohoes  Falls 

12.  Waterford  intake  (Hudson  River). 

18.  Troy  intake 

14.  Below  State  dam  (ebb) 

16.  A  (ebb) 

16.  B  (ebb) 

17.  C  (ebb) 

18.  D(ebb) 

19.  E  (ebb) 

80.  F(ebb) 

21.  Q  (east  shore),  ebb 

22.  a  (middle),  ebb 

23.  G,  Albany  intake  (ebb) 

24.  H(ebb) 

25.  I(ebb) 

26.  J  (ebb) 

27.  K(ebb) 

28.  L,  Van  Wies  Point  Jebb) 

29.  Below  8tat«  dam  (flood) 

30.  A  (flood) 

81.  B  (flood) 

flK.  C  (flood) 

83.  D  (flood) 

84.  E  (flood) 

35.  F  (flood) 

35i.  Greenbush  intake  (flood) 

86,  G  (east  shore)  (flood) 

37.  Albany  intake  (flood) 

38.  H  (flood) 

80.  I  (flood) 

40.  J  (flood) 

41.  K  (flood) 

42.  L,  Van  Wies  Point  (flood) 


Chlo- 
rine. 


0.25 
.40 
.60 
.46 
.46 
.45 

.40 
.40 
.40 
.40 
.40 
.40 
.40 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.80 
.20 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.80 
.25 
.80 
.30 
.80 


Nitrogen 

as 
nitrites. 


0.0000 
.0004 
.0004 
.0004 
.0004 
.0005 

(«) 

.0004 

.0002 

.0002 

.0005 

.0002 

.0003 

.0000 

.0000 

.0000 

^l> 

[b] 
[b] 

(«») 
.0000 

.0000 
.0000 

C) 
(«') 
(f>l 
(«•) 

.0010 
.0000 

.0000 

.0000 

(f>) 

.0000 
.0000 
.0000 
.0001 

(«») 

.0002 


Nlti 
as 
trates. 


trogen 
s  m- 


0.0206 

.oeoe 

.0002 
.0289 
.0289 


.0244 
.0246 
.0246 
.0288 
.0246 
.0290 
.0128 
.0041 
.0123 
.0128 
.0164 
.0164 
.0123 
.0128 
.0128 
.0041 
.0041 
.0082 
.0000 
.0041 
.0041 
.0041 
.0041 
.0000 
.0041 
.0000 
.0000 
.0000 
.0041 
.0000 
.0000 
.0041 
.0041 
.0041 
.0041 
.0062 
.0082 
.0082 


Free  am- 
monia. 

Albumi- 
noid am- 
monia. 

0.0046 

O.00UO 

.0040 

.oax) 

.0065 

.0000 

.0060 

.0170 

.0045 

.0176 

.0040 

.0195 

.0076 

.0166 

.0060 

.0180 

.OOW 

.0140 

.0090 

.0140 

.0080 

.0160 

.0060 

.0010 

.0180 

.0066 

.0046 

.0170 

.0040 

.0160 

.0085 

.0186 

.0040 

.0140 

.0060 

.0156 

.0080 

.0180 

.0060 

.0166 

.0060 

.0160 

.0060 

.0176 

.0060 

.0240 

.0060 

.0216 

.0070 

.0000 

.0115 

.0140 

.0185 

.0160 

.0125 

.0160 

.0180 

.0166 

.0116 

.0170 

.0090 

.0186 

.0066 

.0160 

.0060 

.0165 

.0065 

.0170 

.0080 

.0160 

.0046 

.0175 

.0065 

.0016 

.0086 

.0195 

.0070 

.0016 

.0076 

.0186 

.0120 

.0006 

.0110 

.0186 

.0120 

.0170 

.0126 

.0170 

.0000 

.0166 

Bequire(] 
oxygen 


0.44U 
.4S5 

.440 
.4£ 
.430 

(«) 


(«) 


.as 

.SB 
.830 


.830 
.840 
.610 
.680 
.S» 
.610 
.(m» 
.680 
.» 
.900 

.em 

.6H5 
.6K 
.765 

.69) 
.(kS 

.m 

.655 
.6») 

.6t» 
.6») 
.6* 
.66) 
.67% 
.610 
.6U0 
.605 

.«6 
.610 
.666 
.6(& 


a  Lost. 


fr  Trace. 


Largre  trace. 
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With  even  more  striking  clearness  does  the  record  of  numerical 
determinations  of  bacteria  alon^  the  river  show  the  compromising 
effect  of  pollution,  and  the  i>ositive  tests  for  fecal  bacteria  to  which 
the  water  was  submitted  by  Dr.  Theobald  Smith  make  it  unques- 
tionably certain  that  waters  polluted  by  domestic  sewage  retain  the 
effects  of  fecal  pollution,  even  beyond  the  point  at  which  sanitary 
analysis  would  show  an  unpolluted  stream. 

Table  XIX,  which  gives  the  results  of  numerical  determinations  on 
the  Mohawk  River,  is  taken  from  the  same  report  as  Table  XVIII. 

Table  XIX. — Pollution  of  the  Mohawk  River  by  bacteria^  1891. 


Do. 
Do. 

Do. 


Do.... 

July  31... 

Ancruat  0. 

Do.... 


Do. 
Do. 


July  31... 
August  6. 
July  81... 
Au^natO. 
Aucrust  7. 


Do. 
Do. 


Do. 
Do. 


August  8.. 

Do 

Do 

Do 

Do 

Auflrust  11. 


IffUSt 

Do. 
Do. 

Do. 
Do. 


August  12. 


Number,    Average  of 
of  bac- 
teria 
per  c.  c. 


fiampliRfi. 


Do. 
Do. 


4 
5 

1  10.15  a. 
i  11.00  a. 

6 

7 
8 

U.26a. 
11. 80  a. 

aoop. 

9 

4.55  p. 

10,11, 

liu 

17 

9  a.m. 
2. 87  p. 

18 

2. 55  p. 

19 

&50p. 
8.80p. 

15 
21 
16 
22 
28 

2. 86  p. 

4. 80  p. 

6. 15  p. 

10.00  a. 

24 

12. 10  p. 

25 

2. 65  p. 

26 

2r 

8. 05  p. 
8. 15  p. 

28 

10.15  a. 

29 

10.55  a. 

80 

11.80  a. 

81 

1.15  p. 

82 
88 
81 

2. 85  p. 
11.86  a. 
12.60p. 

85 
86 

2. 15  p. 
8. 00  p. 

87 
88 
40 
41 
42 
48 

4. 50  p. 
6.20p. 
9.20  a. 
2. 26  p. 
2. 80  p. 
2. 86  p. 

m. 
m. 
m. 


m 

tolp.m. 

m 

m 


82,408 
4,860 

1,005 
1,805 
1,106 


1, 


m. 
m. 

m. 
m. 
m. 
m. 
m. 

m. 

m. 

m. 
m. 

m. 

m. 

m. 

m. 

m. 
m. 
m. 

m. 
m. 

m. 
m. 
m. 
m. 
m. 
m. 


:!) 


1,606 

487 

208 
787 

877 

10,800 
10,007 

9,588 

080 

412 
517 

8.146 

3,478 

1,968 

1,880 

888 


} 


8M 
278 

600 

<R2 

164 

2,288 

806 


1 
1 

1 
1 

1 
1 
1 


(a) 


1 

1 

1 
1 

2 
2 


Plates, 


2 
2 

2 

2 


4 
1 

2 

2 

2 

2 

2 
1 
2 
2 

8 
1 

1 
1 

1 

2 

1 
1 
2 


Remarks. 


Bome  waterworks  dam, 
above  city. 

Below  feeder  dam  at  Rome. 

Above  Utica;  below  bone 
works 

Below  Utica  sewers. 

Opposite  Masonic  Home,  2 
miles  below  Utica. 

About  4  miles  below  Utica. 

About  4i  miles  below  Utica. 

Frankfort,  above  New  York 
Central  station. 

nion.  below  New  York  Cen- 
tral station. 

Water  roily  from  rain. 

Opposite  canal  lock  at  Mo- 

nawk. 
Opposite  Herkimer  at  lower 

oridge. 
West  Canada  Creek. 
One-half  mile  below  mouth 

of  West  Canada  Creek. 

State  dam  above  Little  Falls. 

/Just  below  foot  of  falls,  Lit- 
\   tie  Falls. 

About  14  miles  below  Little 
Falls.5 

State  dam,  5  miles  below  Lit- 
tle Falls. 

Above  mouth  of  East  Canada 
Creek. 

East  Canada  Creek. 

Twenty  rods  below  mouth  of 
East  Canada  Creek. 

St.  Johnsville,  below  creek 
draining  village. 

One-half  mile  below  St. 
Johnsville,  below  rapids. 

Three  miles  below  St.  Johns- 
ville. 

About  2  miles  above  Fort 
Plain. 

fort  Plain,  above  New  York 
Central  station. 

One  mile  above  Palatine 
bridee. 

Just  above  Palatine  bridge. 

Three-fourths  of  a  mile  be- 
low Palatine  bridge. 

At  Sprakers,  above  rapids. 

fThree-flf ths  of  a  mile  oelow 
Sprakers,  below  rapids. 

Above  Cayadutta  Creek. 

Cayadutta  Creek. 

One-half  mile  below  Caya- 
dutta Creek. 


1 
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Table  XlX.^PoUution  of  the  Mohawk  Biver  by  bacteria,  ISOl^-Contmned. 


Num- 
ber. 

Time. 

Number 
of  bac- 
teria 
perc.c. 

416 

I        288 

1          SI 

881 

276 

281 

12,080 

11,765 

5,406 

6,568 

2,904 

9,812 

1     6,060 
1,104 

1,064 

no 

448 

666 

1,684 

}         791 
444 

7,276 
8,886 

}      1»146 
440 

482 

812 

196 

294 
424 

296 
216 

■  Ayerageof— 

Date. 

Samples. 

Plates. 

Bemarks. 

Angniit  12 

Do 

44 

45 

47 
46 
48 
49 
60 
51 
62 
68 

65 
66 

57 

58 
60 
60 

61 

62 

68 

64 

65 

66 
68 
68 

70 

n 

67 
72 
78 

74 

75 

76 

77 
78 

79 

80 

2.40p.m 

5.20p.m 

12.40p.m 

5.45p.m 

12.55p.m 

8.15p.m 

8.80p.m 

4.25p.m 

4.60p.m 

4.68  p.  m 

5.0Bp.m 

5.18p.m 

6.20p.m 

6.8pp.m 

7.00p.m 

9.00a.m 

9.20a.m 

11.20a.  m 

11.45a.m 

1.60  p.  m 

2.85p.m 

4.00p.m 

4.46p.m 

10. 45  a.  m 

11.00  a.m 

11.06a.  m 

11. 10a.  m 

4.56p.m 

11. 20a.  m 

11. 21  a.  m 

11.22a.m 

11. 25  a.  m 

i.aop.m 

1.60p.m 

2.00p.m 

8.80p.m 

4.10p.m 

1 

2 

2 

1 
1 

1 
1 
1 

1 

1 
1 

1 

2 

1 

1 
1 

1 

1 
1 

2 
1 

1 

1 

2 

1 

1 
1 

1 

1 
1 

1 

1 

2 

4 

4 

2 
2 
2 
2 
2 

2 

2 
1 

1 

2 

2 

2 
2 

1 
2 
2 

4 
2 

2 

2 

4 

2 

2 
2 
2 

2 
2 

2 
2 

Tbree-fourths  of  a  mile  be- 
low Oayadutta  Creek,  be- 
low rajnds,  Fonda,  and  Ful- 
tonvilie. 

Angrost  14 

August  12 

August  14 

Aboye  Bchooarle  Creek. 

Schoharie  Creek. 
Opposite  AJdn  station. 

Do 

One-half  mile  below  Akin. 

Do 

Just  above  Amsterdam. 

Do 

Chuctanunda  Creek. 

Do 

Opposite    Wendell's   drug 

Do 

Do 

wfu^ehouse,  Amsterdam. 
Opposite  Armour's  beef 

house,  Amsterdam. 
Just  below  Amsterdam. 

Do 

One-half  mile  below  last  mill 

Do 

in  Amsterdam. 
One  mile  below  last  mill. 

Do 

Amsterdam,  near  garbage 

dump. 
/Opposite  Cranes  yillage,float- 
l    ingsewaffe. 
One  mile  Below  Cranes  vil- 

August 16 

Do 

lage. 
One-fourth  of  a  mile  below 

Do 

Hoffman's  ferry. 
One  and  one-fourth  of  a  mile 

Do 

below  Hoffman's  ferry. 
Above   Pitch  burg   Railroad 

Do 

bridge. 
Three    and    one-half   miles 

Do 

above  Schenectady. 
One-fourth  of  a  mile  above 

Do 

Van  Slykes  Island,  above 
Schenectady. 
(Above  Glenville  bridge, 
1    Schenectady. 
Binnekill  Branch  above  Edi- 

August 17 

Do 

son  sewer. 
Mill  Creek. 

Do 

BinnekiU  Branch  below  Edi- 

August 15 

August  17 

son  sewer  and  Mill  Creek. 
rOppoeite  waterworks,  at  in- 
Opposite  waterworks,  north 

side  of  channel. 
Above   New  York  Central 

Do 

Do 

bridge,  opposite  ice  bouse 
Below  New    York    Central 

Do 

bridge,  opposite  ice  house 
Two    hundred    feet    below 

Do 

sewer  outlet;  pond,  slug- 
gish current. 
Above  Delaware  and  Hud- 

Do 

son  Railroad  bridge. 
Below  Delaware  and  Hudson 

Do 

Railroad  bridge,  oppoeute 

icehouse. 
One  mile  above  aqueduct. 
Aqueduct  dam. 

Do 

a  Rejected.  b  Garbage  dump,  three-fourths  mUe  above  the  locality  of  this  sample. 

NoTS.— Accidents  happened  to  samples  below  the  aqueduct,  and  reliable  results  were  not 
obtained. 

Table  XX  gives  the  results  of  tests  made  to  determine  the  presence 
of  fecal  bacteria  at  the  Albany  water  intake,  together  with  the  total 
number  of  bacteria  in  the  samples. 
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Table  XX.— PoWtiftow  by  bacteria  < 

RIVEl 

r>/  irati 

i. 

T  at  Albany  tenter 

intake. 

bi 

Stage  of  tide. 

Num- 
ber of 
fecal 
bac- 
teria. 

Number  of  bacteria. 

Date. 

West 

Sur- 
face. 

_ja^        Middle  chan- 
"^®-               nel. 

Bot-       Sur-       Bot- 
tom,     face.      tom. 

4,020      4,530      4,960 
1.860  .    2,600      2,480 
8.600      6,170      4,390 
8,620      7,160      6,460 
8,020      2,260  1    2,080 
2,730      3,220      3.960 
8,9a)  1    4,610  ,    4,700 
2,090      2,960      6,280 

East  side. 

Sur-  ■   Bot- 
faoe.  ,  tom. 

October  29, 6  p.  m . 
October  22, 2  p.m. 
October  16, 9  a.  m . 
October   1,9  a.m. 
October  22,6  p.m. 
October  16, 1  p.  m . 
October  20, 1  p.  m . 
October  1,1p.m. 

1.10  before  low  water. 
0.19  before  low  water. 
OJSl  after  low  water. . . 
1.0B  after  low  water. . . 
1.06  before  high  water. 
0.68  before  high  water. 
2.26  after  high  water. . 
0.18  after  high  water. . 

64 
26 
22 
92 
82 
82 
41 
26 

2,060 
1,180 
3,290 
8,(»0 
2,080 
2,840 
4,250 
1,980 

4,430 
2,770 
8,200 
5,400 
1,870 
4,170 
9,320 
4,090 

-.-. .... 

*  6,120 

A  further  investigation  of  the  water  supply  of  Schenectady  includes 
the  determination  of  fecal  bacteria,  with  special  reference  to  Bacillus 
coli  communis  the  organism  which  is  closely  identified  with  intestinal 
contents.  The  localities  from  which  the  samples  were  taken  are  dif- 
ferent, convenient,  and  favorable  points  along  the  Mohawk  between 
Amsterdam  and  Schenectady.  Table  XXI  gives  the  results  of  the.se 
investigations,  taken  from  the  Thirteenth  Annual  Report  of  the  State 
Board  of  Health  of  New  York,  pages  731-732. 

Table  XXT. — Determination  of  feeal  bar.teria  in  Mofiawk  water  bettoeen  Amster- 
dam and  Schenectady, 

[The  colnmn  '*  Number  bacteria  "  gives  the  number  of  bacteria  obtained  by  the  gelatin-plate 
method.  The  colnmn  ** Number  coli"  gives  the  number  of  Bctcillua  coli  communi,  and  the 
colunn  '^Number  fecal  bacteria"  gives  the  total  number  of  the  three  kinds  of  fecal  bacteria 
determined.] 

DECEMBER  16.— FIRST  SET. 


Locality. 


Second  lock 

BjBlow  flrst  rapids 

Head  Van  Slykee  Island. 
Below  Sanders^s  house.. 
Above  OlenviUe  bridge. 
Intake _.. 


Number 
bacteria. 


18,000 
20,000 
9,100 
6.800 
22,000 
13,000 


Number  Nym^r 
^"-     Wteria. 


16 


13 
45 


85 


19 
49 


DECEMBER  24.-SECOND  SET. 


Second  lock 

Below  first  rapids 

Head  Van  Slykee  Island 
Below  Sanders^s  house. . 
Above  GlenviUe  bridge. 
Intake  ... 


8,aoo 


6,100 
5,700 
5,900 


8 


12 
12 


15 


12 
12 


JANUARY  14.-TfflRD  SET. 


^PP^te  Akin,  south  side  of  river 

JW  below  last  Amsterdam  sewer ... 
une  mile  below  last  Amsterdam  mill 


16,000 
27,000 
25,000 


15 


7 

22 


58 


SEWAGE  POLLUTION    NEAR  NEW    YORK    CITY. 


[MO.  72. 


JANUARY  21. -THIRD  SET. 


Locality. 


At  Cranee  yillAffe 

One  and  one-half  miles  below  Cranes  Tillage . . 

At  Hoif mans  ferry 

One  and  one-half  mUee  below  Hoff mans  ferry 


Number 
bacteria. 


12,000 

16,000 

9,000 

15,000 


Nhmber 
coli. 


8 
18 
18 
13 


Nunber 

fecal 
bacteria. 


3 
IS 
13 
17 


JANUARY  ».— THIRD  SET. 


At  Fitchbarg  railroad  bridge 

At  second  lock 

Half  way  from  Sanders^s  house  to  GlenviUe  bridge. 

Eight  hundred  feet  above  Qlenyille  bridge 

Intake  of  waterworks 


18,000 
17,000 
20,000 
14,000 

18,000 


25 
13 


9 
13 


16 
18 


19 


SCHENECTADY  INTAEE.-DECEMBER  24. 


7.15  a.  m . 
11.80  a.  m 
4.00  p.  m . 


8,700 

23 

5,900 

12 

4,900 

81 

81 
U 
37 


The  work  outline<l  above  was  done  in  the  early  years  of  the  last 
decade,  when  the  science  of  bacteriology  was  stitl  in  its  infancy. 
Since  that  time  improved  methods  have  shown  that  the  bacteria  isolated 
by  Dr.  Smith's  famous  process  are  not  necessarily  all  fecal  bacteria, 
but  that  there  are  other  forms  whicli  respond  to  the  same  test.  This 
does  not  reduce  the  weight  of  Dr.  Smith's  conclusions  in  the  above 
case,  however;  for,  taking  into  consideration  the  circumstances  and 
conditions  attending,  there  is  good  reason  to  believe  that  the  greater 
part,  if  not  all,  of  the  organisms  isolated  by  Dr.  Smith  were  true  fecal 
bacteria. 

ANTHONY  KILL. 

Running  in  a  general  westerly  direction  from  Ballston  Lake,  through 
Round  Lake,  Anthony  Kill  enters  the  Hudson  at  Mechanicville. 
Aside  from  the  pollution  that  it  receives  from  this  village  above  the 
confluence  with  the  Hudson,  the  only  polluting  area  of  importance  is 
the  camp-meeting  settlement  on  the  western  border  of  Round  I^ake^ 
and  this  has  been  rendered  innocuous  by  the  establishment  of  very 
satisfactory  sewage  precipitation  works,  described  on  page  371  of 
Sewage  Disposal  in  the  United  States,  by  Messrs.  Rafter  and  Baker. 
The  permanent  population  of  Round  Lake  is  stated  as  about  4()C). 
and  in  summer,  during  some  days,  there  are  7,000  people  on  th*' 
grounds.  The  source  of  water  supply  is  Round  Lake,  and  into  this 
pond  the  purified  sewage  is  discharged,  but  apparently  without  appre- 
ciable effect  upon  the  water. 

FISH  CRBKK. 

Entering  the  Hudson  at  Schuylerville  is  Fish  Creek,  which  takes  a 
very  irregular  northwesterly  trend  from  Saratoga  Lake.     The  country 
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abont  the  lake  is  of  wide  repute,  having  been  at  one  time  probably 
the  most  famous  resort  in  the  East,  and  is  still  holding  its  own  with 
most  of  the  watering  places  in  the  United  States. 

Saratoga  Springs,  with  a  permanent  population  of  12,409,  and 
Ballston  Spa,  a  village  of  3,923  inhabitants,  are  situated  within  the 
drainage  area  of  Saratoga  Lake.  Both  municix>alities  are  supplied 
with  sewerage  systems,  and  the  extensive  pollution  of  the  lake  is  accu- 
rately described  in  a  petition  to  the  governor  of  the  State  of  New 
York,  signed  by  various  residents  of  Saratoga  County,  from  which 
the  following  extracts  are  taken : 

The  petition  of  the  imdersigiied  residents  of  the  coimty  of  Saratoga  respectfully 
shows  as  follows:  That  Saratoga  Lake  in  said  county  is  about  5  miles  long  and 
about  2  miles  wide,  and  is  about  4  miles  from  the  village  of  Ballston  Spa  and 
Saratoga  Sinings,  and  that  Saratoga  Springs  is  a  summer  resort,  visited  by  thou- 
sands of  tourists  every  summer,  and  to  Saratoga  Lake  is  the  chief  drive  and  resort; 
that  said  lake  has  been  for  a  great  many  years  a  prominent  and  attractive  resort 
for  fishing,  hunting,  and  boating,  and  for  the  past  few  years  offensive  odors  have 
arisen  from  the  waters  in  the  said  lake  near  the  shores,  causing  annoyance  and 
breeding  disease;  that  large  numbers  of  fish  have  been  picked  up  dead  along  the 
shores  of  the  lake,  and  the  shores  thereof  in  certain  portions  are  covered  with 
filthy  and  noxious  material,  offensive  to  the  eye  and  griving  out  offensive  odors; 
that  in  the  opinion  of  your  petitioners,  unless  measures  are  taken  to  prevent  the 
defilement  of  said  lake,  and  its  condition  continues  to  grow  worse,  all  the  fish  in 
the  lake  will  be  killed,  and  people  will  cease  to  occupy  cottages  on  the  shores,  and 
it  will  cease  to  be  attractive  as  a  summer  resort. 

That  the  causes  of  defilement  of  the  waters  of  the  lake  are  various;  that  they 
proceed  from  the  discharge  of  the  sewage  of  the  villages  of  Saratoga  Springs 
and  Ballston  Si>a  into  said  lake,  and  from  the  discharge  into  said  lake  of 
chemicals  and  refuse  from  certain  manufacturing  establishments  located  in  or 
near  the  village  of  Ballston  Spa. 

[Signed  by  81  residents  of  the  county  of  Saratoga.]  <> 

The  extent  to  which  Fish  Creek  is  affected  by  pollution  is  so  far 
undetermined.  It  is  probable  that  the  actual  damage  in  the  stream 
is  far  less  than  in  the  lake,  due,  of  course,  to  sedimentation.  The 
reiKjrt  of  Professor  Ijandreth,  made  in  response  to  the  above  petition, 
recognizes  the  importance  of  the  offense  and  recommends  that  judicial 
proceedings  be  prosecuted  to  ascertain  the  exact  amount  of  nuisance, 
and  the  responsibility  therefor. 

As  a  result  of  the  action  above  outlined,  the  sewage-disposal  sys- 
tems of  Saratoga  Springs  and  Ballston  Spa  have  been  condemned  and 
sewage  purification  must  be  established  by  both  municipalities. 

Victory  Mills,  a  village  of  795  inhabitants,  is  situated  upon  the 
creek  a  short  distance  above  Schuylerville.  It  has  no  water  nor  sew- 
erage system,  and  contributes  an  inappreciable  amount  of  pollution  to 
the  river. 


a  Nineteenth  Annual  Report  of  State  Board  of  Health  of  New  York,  p.  107. 
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DAMAGE  TO  WATER  RESOURCES  OF  HUDSON   RIVER  SYSTEM  BY 

POLLUTION. 

It  is  not  possible  to  estimate,  with  any  considerable  degree  of  accu- 
racy, the  amount  of  damage  that  has  been  done  to  the  Hudson  River 
system  by  sewage  pollution.  This  is  true,  not  because  such  damage 
is  of  incalculable  extent  nor  because  there  is  a  lack  of  data,  but  by  rea- 
son of  the  fact  that  there  are  so  many  feature-s  to  be  considered  in  this 
large  area,  and  so  many  modifying  conditions,  that  deductions  must 
be  drawn  simultaneously  from  many  different  points  of  view  and  the 
resulting  composite  conclusions  must  ever  be  to  a  large  degree  modi- 
fied b}^  personal  opinion.  If  we  survey  the  different  tributaries  and 
note  the  points  of  contamination  and  the  extent  thereof  we  shall  vei*y 
soon  realize  that  in  nearly  every  stream  there  is  such  enormous  dilu- 
tion and  so  many  opportunities  for  sedimentation  that,  taken  individ- 
ually, there  is  hardly  any  reason  to  believe  that  any  material  damage 
has  been  done.  Going  further,  we  look  for  the  results  of  the  concen- 
tration of  all  this  sewage  into  a  main  wat>er  course,  and  find  that  that 
course  is  the  middle  section  of  the  Hudson,  which,  as  has  already  been 
stated,  is  of  more  value  to  the  State  of  New  York  in  its  present  con- 
taminated condition  than  if  regulations  were  enforced  which  would 
maintain  its  purity. 

Summing  up  the  total  amount  of  raw  sewage  emptying  into  the  river 
system,  and  taking  into  account  the  vast  number  of  people  living  in 
cities  along  its  banks,  it  would  appear  that  the  pollution  is  sufficient 
to  entirely  destroy  the  value  of  the  water  course  and  make  the  sur- 
rounding country  an  undesirable  locality  for  many  purposes;  yet  when 
consideration  is  taken  of  the  fact  that  the  amount  of  run-off  water  in 
this  basin  is  sufiiciently  large  to  dilute  this  sewage  so  that  in  places  it 
almost  escapes  detection,  the  actual  damage  done  appears  to  be  greatly 
modified,  or,  in  the  opinion  of  many,  it  becomes  almost  nil.  This  very 
question  opens  all  the  contested  points  concerning  the  amount  or  per- 
centage of  pollution  within  the  safety  limit;  the  idea  of  self-purifica- 
tion of  rivers  is  brought  to  the  front  and  with  it  questions  as  to  the 
effect  of  the  contour  of  riverbeds  and  the  existence  of  artificial  works, 
such  as  dams  and  mill  ponds.  In  the  discussion  of  different  points)  of 
pollution  in  the  preceding  pages  inst'ances  were  cited  of  local  nui- 
sances due  to  contamination  at  near-by  points,  which  contrast  in  a 
very  confusing  manner  with  the  statement  that  off  Poughkeepsie, 
where  we  might  expect  all  this  filth  to  give  evidence  of  itself.  Dr. 
Drown  found  what  was,  from  a  chemical  standpoint,  a  very  fair  pot- 
able water. 

In  the  results  of  bacterioloffical  examination  of  the  Mohawk  by  Dr. 
Theobald  Smith  we  have  seen  that  the  high  percentage  of  bacteria 
that  appeared  in  samples  of  the  water  taken  below  cities  gradually 
fell  off  as  the  i)oints  of  i)ollution  were  left  farther  and  farther  behind. 
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Wheu  these  i^esults  were  plotted  geometricaUy  there  appeared  a 
series  of  crests  and  troughs  in  the  curve,  the  distance  between  the 
crests  corre8ix>nding  exactly  to  the  distance  between  points  of  pol- 
hition,  measured  at  the  same  scale. 

All  these  apparent  paradoxes  have  their  lexical  explanation,  the 
disputed  points  being  confined  largely  to  minor  details.  It  would, 
indeed,  be  an  endless  and  unprofitable  task  to  attempt  to  reconcile 
the  different  features  which  modify  conclusions,  and  it  will  not  be 
attempted  here. 

It  is  proposed  to  point  out  the  losses  and  damages  for  which  pollu- 
tion is  responsible,  confining  qualifications  thereof  to  a  few  well- 
attested  instances  in  which  it  is  apparent  that  river  pollution  is  less 
expensive  than  the  avoidance  of  it.  There  are  many  cases  in  which 
the  cost  of  purifying  sewage  before  turning  it  into  a  river,  .or  the 
expenses  entailed  in  securing  some  other  place  of  final  disposal,  far 
exceed  the  cost  of  providing  a  pure-water  supply  from  highland  or 
other  sources,  and  in  such  cases  it  is  manifestly  better,  if  there  are  no 
other  rights  to  be  considered,  to  use  a  stream  as  a  sewage  course 
rather  than  a  source  of  water  supply.  Such  instances  should  be 
treated  from  the  standpoint  of  general  public  economy,  every  appar- 
ent consideration  being  taken  into  account. 

WATER  POWER. 

It  has  already  been  stated  that  damages  to  water-power  interests  in 
the  Hudson  drainage  area  are  not,  comparatively  speaking,  large. 
There  are,  indeed,  a  few  mills  that  have  been  obliged  to  give  over  the 
use  of  river  water  in  various  manufacturing  processes  because  of 
impurities  it  contains,  but  the  loss  entailed  does  not  appear  to  be  seri- 
ous. Neither  does  the  future  promise  any  remarkable  change  in  this 
respect.  Without  doubt,  new  sewerage  systems  that  are  approved 
from  time  to  time  bj'  the  State  commissioner  of  health  will  be  pro- 
vided with  means  of  purification  if  the  installation  of  such  systems 
promises  any  great  increase  of  river  pollution. 

There  are  few  cases  in  which  mill  ponds  have  become  public  nui- 
sances by  reason  of  deposits  of  sewage  upon  the  banks,  but  such  will 
be  taken  up  under  the  consideration  of  damages  to  realty  values. 

ICE. 

The  Hudson  River  ice  crop  has  a  national  reputation,  yet  few  peo- 
ple realize  its  extent,  and  fewer  can  locate  the  points  at  which  storage 
houses  are  gathered.  In  the  April  number  of  the  Ice  Trade  Journal 
for  1901  nearly  four  pages  are  occupied  by  a  list  of  ice  houses  along 
this  river  and  a  statement  of  the  amount  stored  in  each.  The  crop 
depends  entirely  upon  the  winter's  temperature,  and  the  amount  of 
ice  that  is  available  for  harvest  varies  accordingly.  During  the  win- 
ter of  1900-1901  there  were  cut  and  stored  4,600,800  tons,  this  being 
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the  largest  crop  ever  gathered.  During  the  preceding  year  there  were 
stored  only  1,430,670  tons,  which,  although  large  in  itself,  seems  small 
when  compared  with  the  enormous  amount  harvested  in  the  succeed- 
ing winter. 

There  seems  to  be  no  special  center  for  the  industry,  the  field 
extending  all  along  from  Schuylerville,  past  Cohoes,  Waterford,  and 
Troy,  nearly  down  to  the  limit  of  salt  water  influence.  On  Ron- 
dout,  Esopus,  Catakill  and  other  creeks  there  are  large  ice  houses,  and 
from  certain  lakes,  such  as  Rockland,  Croton,  and  Mahopac,  there  is 
gathered  a  considerable  harvest,  230,000  tons  being  cut  from  these 
three  lakes  during  the  past  winter.  By  far  the  greater  amount,  how- 
ever, comes  from  the  main  river. 

Suificient  data  have  been  presented  to  show  how  great,  even  in  the 
most  unfavorable  years,  is  the  value  of  the  Hudson  River  as  a  source 
of  ice  supply.  It  has  been  stated  in  preceding  pages  that  x>ollution 
in  a  river  is  a  damage  to  the  ice  industry,  and  that,  even  though 
recent  research  indicates  that  the  typhoid  bacillus  does  not  survive 
during  long  periods  when  locked  in  ice,  public  use  of  this  commodity 
when  polluted  with  sewage  will  not  be  tolerated.  A  little  reflection 
will  show  how  worthless  is  a  polluted  stream  or  lake  as  a  source  of 
ice  supply.  Modern  biology  has  found  means  effective  for  the  puri- 
fication of  contaminated  water.  Such  means  are  not  applicable  to 
ice,  and  thus  polluted  ice  is,  or  should  be,  a  total  loss;  it  can  not  be 
sterilized  nor  in  any  way  relieved  of  its  dangerous  qualities.  With 
the  ever-increasing  use  of  this  article  in  and  upon  our  food  there  is  a 
necessity  that  greater  care  be  taken  as  to  its  source.  The  absence  of 
typhoid  fever  bacilli  in  polluted  ice  is  by  no  means  a  guarantee  of  its 
safety  for  domestic  use.  The  dangers  are  well  expressed  in  the  fol- 
lowing paragraph,  taken  from  an  article  by  James  M.  Anders,  M.  D., 
LL.  D.,  of  Philadelphia: 

While  I  shall  endeavor  later  to  emphasize  the  potency  of  impure  water,  espe- 
cially when  bacterially  contaminated,  in  causing  certain  diseases.  I  desire  at  the 
outset  to  insist  that  the  deleterious  and  devitaliziag  effect  of  imbibing  such  water, 
upon  the  general  health  of  the  community,  is  practically  inconceivable.  By 
lowering  the  resistance  to  that  large  class  of  infections  diseases,  its  indirect  influ- 
ence as  a  cansative  factor  must  be  considerable,  not  to  speak  of  the  suffering 
occacdoned  by  the  habitually  depressed  and  weakened  systemic  condition  thus 
engendered.  Much  inconvenience  and  ill  health  caused  by  impurities  in  the 
drinking  water  originates  primarily  from  the  alimentary  tract,  and  is  due  to  gas- 
tric and  intestinal  disturbances.  The  ingestion  of  contaminating  materials  may 
be  a  cause  of  dyspepsia  or  diarrhea,  and  most  probably  also  renders  the  system 
receptive  to  the  invasion  of  the  bacillus  coll,  the  bacillns  of  Shiga,  and  other  patho- 
genic organisms,  and  this  quite  independently  of  any  pollutioti  of  the  drinking 
water  by  the  disease-producing  germs  themselves  [italics  by  M.  O.  L.] . — ^American 
Medicine,  March  29, 1902,  p.  508. 

Above  Albany  were  cut,  last  season,  502,700  tons  of  ice.  By  far  the 
greater  part  of  this  was  taken  below  the  mouth  of  the  Mohawk  and  in 
that  river  itself.     At  Crescent,  a  bend  in  the  Mohawk,  a  few  miles 
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below  the  outlet  sewers  of  Sclieueclady,  the  reports  show  a  total  crop 
of  163,000  tons.  From  the  mouth  of  the  river,  where  the  pollution 
from  Cohoes,  Waterford,  and  Lansingburg  is  most  dangerous,  were 
taken  200,000  tons  more,  and  below  Troy  and  Watervliet  the  harvest 
amounted  to  about  75,000  tons.  The  water  taken  from  practically 
these  same  points  was  found  by  Dr.  Theobald  Smith  to  contain  fecal 
bacteria. 

South  of  Albany,  within  4  miles  from  the  outlets  of  the  sewers  of 
that  city,  and  at  Rensselaer  there  were  harvested  during  the  season 
of  1901  over  300,000  tons  of  ice.  The  water  in  the  Hudson  above 
Albany  is  now  being  purified  for  i)otable  use  in  that  city,  because  the 
citizens  found  by  costly  experience  that  it  could  not  be  used  in  its  raw 
state.  What,  then,  must  be  the  condition  of  that  water  shortly  after 
the  sewage  of  101,617  more  persons  has  been  added  to  it? 

In  spite  of  the  conditions  outlined  above,  this  river  is  the  principal 
source  of  ice  supply  for  the  great  metropolitan  area,  and  although  the 
value  of  the  artificial-ice  business  is  growing  at  a  rapid  rate,  due  in 
part  to  distrust  of  ice  from  the  Hudson  and  other  polluted  sources, 
such  has  been  the  growth  in  the  demand  for  ice  that  the  market  for 
this  contaminated  product  remains  undisturbed.  It  can  not,  however, 
remain  indefinitely  firm,  and  when  the  facts  have  been  placed  before 
the  public  with  sufficient  intensity  the  value  of  the  Hudson  as  a  source 
of  ice  will  be  materially  damaged.  Reference  to  the  report  of  Prof. 
William  P.  Mason  made  to  the  Manufacturers'  Association  of  Brook- 
lyn will  show  very  clearly  the  character  of  Hudson  ice.  He  substan- 
tiates the  belief  that  the  formation  of  ice  eliminates  impurities  to  a 
certain  extent,  but  found  upon  testing  samples  of  ice  taken  from  germ- 
poUuted  fields  in  the  Hudson  River,  just  below  the  junction  of  the 
Mohawk  River,  that  certain  disease  germs  were  still  alive,  and  con- 
demned this  ice  as  wholly  unfit  for  use  in  cooling  beverages.  Typhoid 
germs  were  not  killed,  as  was  proved  scientifically.  He  cited  the  case 
of  a  typhoid  epidemic  which  spread  from  Schenectady  to  Albany,  the 
Mohawk  River  carrying  the  typhoid  germs  down  to  its  mouth,  pol- 
luting the  ice  formed  in  the  Mohawk,  whence  the  ice  supply  of  both 
cities  was  obtained.  In  this  manner  both  cities  suffered  with  a  typhoid 
epidemic. 

The  association  is  to  present  petitions  to  both  the  State  and  city 
health  boards,  asking  that  some  steps  be  taken  to  prevent  the  pol- 
luted ice  being  sold  in  this  market.  ** 

The  above  declaration  from  so  distinguished  an  authority  can  not 
be  barren  of  results,  and  the  consequent  action  taken  by  the  Manu- 
facturers' Association  can  not  fail  to  be  adverse  to  the  use  of  ice  cut 
on  the  Hudson.  It  will  produce  no  widespread  revulsion,  nor  will 
the  ice  industry  of  the  river  be  destroyed  in  a  season,  but  there  can 
not  fail  to  be  a  gradual  concurrence  in  the  idea  that  Hudson  River  ice 
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is  ail  inferior  article,  the  price  of  which  will  be  forced  lower  and  lower 
by  the  active  commercial  spirit  of  this  country.  It  will  not  be  nec- 
easary  even  to  advance  hygienic  considerations  beyond  the  point  at 
which  they  are  able  to  beget  distrust  in  the  market  of  New  York. 

According  to  prevailing  prices,  the  last  Hudson  ice  crop  is  worth  at 
least  $8,000,000.  In  unfavorable  seasons  the  pure  article  from  that 
source  could  not  fall  below  an  annual  value  of  $3,000,000.  For  what 
fraction  of  this  sum  annually  could  all  the  Hudson  Basin  sewage  be 
purified? 

WATER  SUPPLY. 

The  estimation  of  loss  of  capital  in  a  river  which  is  polluted  to  the 
degree  apparent  in  the  Hudson  can  not  be  brought  to  a  very  fine  point 
of  accuracy.  If  we  were  to  consider  the  effect  of  sedimentation,  and 
figure  out  all  the  other  factors  that  are  effectual  in  the  so-called  self- 
purification  of  rivers;  if  we  were  to  consider  the  amount  and  character 
of  the  sewage  and  the  dilution  thei'eof,  we  might  be  able  to  reach  an 
approximate  figure  of  damage,  and  even  then  it  would  be  of  little  more 
value  than  the  rough  resume  that  can  easily  be  made.  If  the  science 
of  water  purification  were  in  the  same  state  in  which  it  was  a  quarter 
century  ago  the  problem  would  be  more  simple,  for  at  that  time  there 
were  no  well-established,  reliable  means  of  purification  in  common  use 
in  this  country.  To-day,  however,  the  purification  of  polluted  water 
for  domestic  use  has  reached  that  state  of  perfection  at  which  it  has 
become  the  practice  of  reputable  engineers  to  take  polluted  water  from 
a  stream  at  the  very  doors  of  the  city  and  purify  it,  rather  than  to 
expend  large  sums  of  money  in  conserving  an  unpolluted  supply  miles 
away  in  a  sparaely  settled  district.  The  case  of  Philadelphia  at  the 
present  time  is  pertinent:  On  January  4,  1901,  the  United  States  Sen- 
ate Committee  on  the  District  of  Columbia  convened  at  New  York  to 
discuss  with  the  engineering  profession  the  question  of  filtration  of 
water  supply  at  Washington,  D.  C.  Mr.  Rudolph  Hering,  M.  Am. 
Soc.  C.  E.,  stated  in  his  testimony  with  reference  to  the  experience  of 
Philadelphia  that,  in  1883,  he  was  engaged  by  that  city  to  make  studies 
for  the  new  city  water  supply.  As  the  subject  of  water  filtration  was 
not  fully  developed  at  that  time  he  recommended  an  unfiltered  water, 
taken  from  the  Blue  Ridge.  •  More  recently,  during  his  connection 
with  the  Philadelphia  waterworks,  he  recommended  the  Schuylkill 
River  and  the  Delaware,  because  of  the  fact  that  this  water  could 
now  be  made  sufficiently  pure  for  use,  and  under  the  circumstances  it 
presented  a  more  feasible  plan  from  every  standpoint,  for  both  pres- 
ent and  future  generations. 

It  becomes  necessary  then,  in  considering  pollution  in  a  river  fi-om 
the  standpoint  of  water  supply,  to  make  allowance  for  the  fact  that 
the  water  can  be  purified  and  that  its  precedent  pollution  does  not 
constitute  a  complete  loss  of  resource.     Under  such  circumstances 
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the  actual  amount  of  damage  done  consists  of  the  difference  between 
the  cost  of  pumping  raw  water  for  direct  use  and  the  cost  and  main- 
tenance of  a  filtration  system. 

There  remain  certain  rivers,  the  pollution  of  which  seems  altogether 
unnecessary,  which  could  be  preserved  in  approximately  their  normal 
state,  yet  which  receive  sewage  enough  to  damage  their  water  suppl}^ 
values.  Such  streams  are  the  Wallkill  and  Batten  Kill.  In  such 
instances,  where  the  cost  of  sewage  disposal  would  be  comparatively 
small,  there  seem  to  be  no  comjiensating  factors  to  offset  the  damage 
done  to  the  river  as  a  source  of  water  supply,  and  pollation  becomes 
needless  and  unwarranted. 

The  cities  on  Hudson  River  proper  that  now  derive  all  or  a  part  of 
their  water  supply  from  the  river  by  pumping  are  Poughkeepsie, 
Gatskill,  Hudson,  Albany,  Rensselaer,  and  Troy,  including  the 
recently  annexed  Lansingburg.  In  all  of  these  places  except  the 
latter  the  water  is  filtered,  and  in  the  latter  case  only  a  part  of 
the  supply  is  derived  from  the  Hudson. 

The  filtration  systems  at  Poughkeepsie,  Gatskill,  and  Hudson  were 
established  before  the  present  knowledge  concerning  the  action  of 
filters  was  very  clearly  defined,  and  there  was  no  idea  of  purification 
of  the  water  in  the  sense  that  that  term  is  now  understood  by  the 
profession.  The  main  object  of  these  filters  was  that  of  clarification, 
i.  e.,  an  elimination  of  the  sediment  which  is  carried  down  the  Hudson 
in  large  quantities,  and  if  there  had  been  clear  water  in  the  river  the 
chances  are  that  neither  of  these  filters  would  have  been  installed  at 
that  time.  The  cost  of  construction  in  these  three  cases  can  not, 
therefore,  be  charged  against  tha  debt  of  sewage  pollution.  What- 
ever may  have  been  the  initial  cause  of  installing  the  Poughkeepsie, 
Hudson,  and  Gatskill  filters,  it  is  apparent  that  they  are  at  present 
maintained  for  the  added  purpose  of  biological  purification  as  well 
as  that  of  clarification.  It  would  be  quite  unlikely  that,  should  the 
waters  of  the  Hudson  become  free  from  sediment,  the  filtration  system 
would  be  abandoned  in  the  face  of  all  the  sewage  coming  past  their 
respective  intakes,  so  that  it  is  a  fair  position  to  assume  that  pollution 
is  partially  responsible  for  the  expense  of  maintenance  of  these  filters. 
While  this  section  of  the  Hudson  is  under  consideration  it  may  be  of 
value  to  pursue  this  subject  with  the  help  of  a  projected  enterprise 
that  emphasizes  in  a  forcible  manner  the  damage  that  must  be  faced 
in  such  rivers. 

One  of  the  most  thoroughly  discussed  water-supply  problems  that 
has  been  before  the  public  for  many  years  is  that  of  the  present  and 
future  supply  of  the  city  of  New  York.  In  August,  1899,  Mr.  William 
Dalton,  commissioner  of  water  supply  for  the  city  of  New  York, 
startled  the  city  and  convulsed  the  engineering  profession  by  recom- 
mending that  the  board  of  public  improvements  approve  a  forty-year 
contract  with   the  Ramapo  Water  Gompany,  under  which  the  city 
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was  bound  to  buy  at  least  200,000,000  gallons  of  water  daily  at  a  cost 
of  170  per  million  gallons.  The  excessive  cost  of  the  water  was  only 
one  item  of  disadvantage  to  which  the  city  was  to  be  subjected  by  the 
execution  of  the  contract.  The  immediate  opposition  which  was 
developed,  headed  by  Comptroller  Bird  S.  Coler,  caused  a  stay  in  the 
proceedings,  during  which  time  the  matter  was  investigated  by  the 
comptroller  and  independently  by  the  Merchants'  AHsociation  of  New 
York,  a  body  whose  power  in  city  affairs  and  in  the  establishment  of 
sound  corporate  polic}"^  has  ever  been  notable.  An  organized  staff 
was  made  up  from  the  association  and,  aided  by  the  comptroller  and 
Governor  Roosevelt,  every  phase  of  the  proposed  swindle  was  laid 
bare.  In  addition  to  this,  investigations  were  made  into  every  branch 
of  the  water-supply  question,  and  the  report  that  was  issued  is  one 
of  the  most  valuable  of  the  recent  publications  on  this  subject.  The 
engineering  committee,  under  the  leadership  of  Mr.  Rudolph  Hering, 
instituted  among  other  things  an  investigation  into  the  available 
sources  of  supply  for  the  city  and,  with  their  consulting  engineer,  Mr. 
James  H.  Fuertes,  carefully  considered  every  adequate  source  of  sup- 
ply in  the  State,  finally  deciding  that  the  most  feasible  plan  was  the 
pumping  of  the  water  from  the  Hudson  River  itself,  at  a  point  just 
above  the  city  of  Poughkeepsie,  whei^e  a  supply  of  1,500,000,000  gal- 
ions  daily  was  easily  available  if  proper  compensating  reservoirs  were 
constructed  in  the  Adirondacks  for  replenishing  the  river  during  dry 
seasons. 

It  is  the  consideration  of  this  extensive  project  and  the  analysis  of 
the  estimates  of  cost  and  maintenance  thereof  that  give  the  inquirer 
his  first  adequate  idea  of  the  loss  which  may  arise  and  the  damage 
which  may  accrue  to  the  resources  of  the  Hudson  River  through  pol- 
lution. These  estimates  were  based  upon  a  proposed  supply  of 
500,000,000  gallons  daily,  which  is  probably  the  maximum  additional 
supply  that  will  be  required  by  the  city  during  a  long  term  of  years. 
The  minimum  cost  for  such  a  system  would  be  $72,374,000,  of  which 
832,557,000  is  for  filters  and  pumping  plant,  largely  made  necessary 
by  sewage  pollution.  The  minimum  cost  for  the  water  at  this  rate 
would  be  4530.39  per  million  gallons,  of  which  $4,  or  about  13  per  cent, 
is  the  amount  expended  for  filtration.  In  the  estimated  annual  cost  of 
operation  and  maintenance  is  included  1730,000  for  cost  of  filtration. 
If  in  the  course  of  years  it  should  become  necessary  to  develop  such 
a  system  to  its  full  capacity  the  cost  of  overcoming  the  effects  of  sew- 
age i)ollution  would  increase  accordingly.  Thus  it  may  be  seen  that 
if  at  any  time  in  the  future  the  city  of  New  York  should  adopt  the 
Hudson  supply  and  use  the  maximum  amount,  the  polluted  condition 
of  the  river  would  necessitate  an  annual  expenditure  of  at  least 
!B2,0(X),000  in  addition  to  the  initial  cost  of  establishing  so  gigantic  a 
filtration  system. 

The  history  of  the  Albany  water  supply  is  closely  linked  with  the 
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history  of  pollution  in  the  Hudson  at  that  point,  and  the  recent  estab- 
lishment there  of  what  was,  at  the  time  of  construction,  the  largest 
filter  in  the  country  is  a  direct  consequence  of  the  sewage  in  the  river 
from  the  Albany  sewers  as  well  as  from  the  numerous  places  within 
a  short  distance  above.  In  the  year  1873  it  became  necessary  to  aug- 
ment the  gravity  system  of  water  supply  then  in  use  at  Albany,  and 
an  intake  was  placed  in  the  Hudson  and  water  was  pumped  there- 
from into  the  reservoirs,  to  be  mixed  with  the  upland  water.  With 
the  growth  of  the  city  moi*e  and  more  was  pumped  from  the  Hudson, 
mitil  at  the  present  time  the  pumped  wat>er  exceeds  in  amount  that 
taken  from  the  old  gravity  system.  Throughout  the  history  of  its 
water  system  Albany  has  employed  eminent  authorities  to  guide  her 
steps,  and  the  establishment  of  this  Hudson  intake  appears  to  have 
been  undertaken  advisedly.  W  hen,  after  the  lapse  of  some  years,  there 
arose  a  feeling  that  all  was  not  well  with  the  water,  fears  were  again 
quieted  by  the  reassurances  of  a  distinguished  gentleman.  Whatever 
deleterious  material  might  be  poured  in  the  river  at  Troy,  4  miles 
above  the  intake,  would  be,  said  the  expert,  rendered  entirely  harmless 
through  various  influences,  among  which  were  sedimentation,  dilu- 
tion, and  oxidation.  The  fact  that  the  death  rate  and  morbidity  from 
typhoid  fever  was  high  seemed  to  have  no  bearing  upon  the  case,  nor 
was  there,  in  the  opinion  of  the  city's  advisers,  any  significance  in 
the  fact  that  epidemics  at  Albany  followed  those  at  Troy,  Schenec- 
tady, and  other  places.  The  eminent  authority  maintained  his  posi- 
tion and,  we  believe,  sticks  to  his  conclusions  to-day. 

In  1885  Prof.  William  P.  Mason,  in  a  report  to  the  water  board, 
showed  very  clearly  the  deplorable  condition  of  the  water  and  con- 
demned it  in  unmistakable  terms.  From  that  time  until  1896  there 
was  a  series  of  efforts  to  provide  a  new  supply,  all  of  which  failed, 
until  in  July,  1897,  it  was  finally  decided  to  filter  the  water  from  the 
Hudson.  Under  the  direction  of  Mr.  Allen  llazen,  M.  Am.  Soc.  C.  E., 
a  covered  filter  was  constructed  at  a  cost  of  about  tSOOjOOO,  and  the 
expense  of  operation  is  about  $4.19  per  million  gallons,  or  about 
$20,000  annually.  The  results  have  already  iK^en  more  than  sufficient 
to  pay  for  the  cost  of  the  construction.  The  death  rate  from  typhoid 
fever  has  been  very  materially  decreased,  and  the  good  effects  of  the 
filtration  system  remain  undisputed. 

Troy  up  to  the  present  day  is  drawing  a  part  of  its  water  from  the 
Hudson  and  delivering  it  to  its  citizens  in  the  raw  state,  and  foryeare 
efforts  have  been  made  to  obtain  a  new  supply,  until  there  seems  now 
to  be  an  assurance  of  better  water.  This  city  has  been  even  slower  than 
Albany  to  realize  the  damaging effect>»  of  Hudson  water,  and  the  indif- 
ference of  the  citizens  there  has  called  from  Pi;of.  William  P.  Mason 
the  statement,  made  during  his  testimony  before  the  Senate  Commit- 
tee on  the  District  of  Columbia,  that  "up  in  Troy  an^nhing  sliort  of 
soup  would  be  satisfactory."    The  new  water  supply,  which  the  bet- 
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ter  element  hi  Troy  has  at  last  succeeded  in  pushing  to  a  successful 
issue,  is  to  be  conserved  in  sparsely  settled  districts  east  of  the  city. 
It  will  furnish,  when  fully  developed,  about  40,000,000  gallons  daily, 
and  the  present  plans  contemplate  an  expenditure  of  $1,250,000. 

These  are  the  actual  water-supply  expenditures  which  have  been 
made  necessary  by  sewage  pollution  in  the  main  river  and  also  the  costs 
which  would  be  incurred  should  the  plan  recommended  by  the  Mer- 
chants' Association  for  the  future  supply  of  the  city  of  New  York  be 
adopted.  It  is  clear  that  the  Hudson  River  along  this  section  must 
necessarily  be  polluted,  and  the  expense  of  water  filtration  must  always 
be  regarded  as  one  of  the  running  expenses  to  be  perpetually  maintained 
in  the  Hudson  Valley.  There  is  no  possible  way  of  overcoming  it, 
and  it  must  be  considered  in  a  summary  of  this  character.  It  may 
be  contended  that  the  free  drainage  of  cities  into  the  Hudson  is  a 
privilege  which  compensates  for  the  disadvantages  that  arise  from 
the  damage  to  the  natural  water  resources.  A  little  reflection  will 
show  that  such  a  contention  is  idle,  and  that,  after  allowing  for  all 
the  items  which  constitute  the  credit  side  of  the  present  account,  we 
shall  find  that  tHe  pollution  of  the  Hudson  River  is  very  costly. 

The  eastern  tributaries  of  the  Hudson  are  not  damaged  to  any  great 
extent  by  pollution,  except  the  Iloosic  and  Batten  Kill.  At  the  present 
time  the  water  from  the  former  river  is  badly  contaminate,  yet  not 
sufl&ciently  to  damage  any  of  the  resources  which  it  has,  up  to  this 
time,  been  called  upon  to  yield.  The  ice  industry  upon  the  river  is 
not  worth  considering,  and  the  only  resource  which  is  damaged  is  the 
water  supply.  If  there  should  ever  be  a  demand  for  the  water  in  the 
basin  of  the  Iloosic  it  would  be  necessary  to  resort  to  filtration  under 
the  present  conditions.  Pollution  in  the  Hoosic  is  positively  need- 
less, and  its  existence  there  is  damaging  to  a  resource  which,  properly 
cared  for,  would  be  one  of  the  fairest  in  the  Hudson  River  basin. 
The  same  statements  are  true  with  reference  to  Batten  Kill.  Although 
the  contamination  of  this  stream  is  less  than  that  of  the  Hoosic,  there 
is  sufficient  to  cripple  its  usefulness  as  far  as  the  use  of  its  raw  water 
is  concerned. 

Similar  statements  may  be  made  concerning  the  western  tributaries. 
The  Wallkill  is  a  river  which  seems  excellently  adapted  for  water 
supply,  and  if  proper  care  were  exercised  it  might  be  possible  for  each 
municipality  along  its  banks  to  establish  its  water  intake  at  almost 
any  convenient  point  along  the  river  and  use  the  water  with  safety. 

There  is  little  to  add  concerning  the  Mohawk.  We  have  seen  that 
it  is  the  river  which  contains  the  greatest  relative  amount  of  pollution 
of  all  those  tributary  to  the  Hudson,  and  that  the  sewered  population 
along  its  banks  numbers  152,000.  The  only  cities  which  have  of 
late  attempted  to  draw  their  supplies  from  the  Mohawk  are  Rome, 
Schenectady,  and  Cohoes.  Above  the  first  mentioned  city  the  water 
is  fairly  satisfactory  from  a  sanitary  standpoint,  but  at  Schenectady 
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the  work  of  Dr.  Theobald  Smith  was  too  oonclasive  to  admit  of  any 
doubt  concerning  the  dangerous  quality  of  the  water.  Consequently 
that  city  has  been  obliged  to  abandon  its  intakes  in  the  river  and  is 
now  supplied  by  driven  wells.  Cohoes  is  still  contented  to  drink 
from  the  cesspool  of  its  neighbors. 

It  would,  no  doubt,  be  impossible  to  make  the  Mohawk  pure.  If 
all  sewage  i)ollution  were  eliminated,  it  is  probable  that  the  surface 
drainage  of  so  populous  a  country  would  unfit  the  water  for  use  in 
its  raw  state  as  a  domestic  supply.  Certainly,  if  such  is  not  the  case 
at  present  it  will  be  true  within  a  few  years.  The  present  danger  is 
that  the  conditions  along  the  Mohawk  may  approach  those  of  the 
Passaic;  it  will  be  remembered  that  the  increase  of  population  here 
is  greater  than  at  any  point  that  we  have  considered  in  the  Hudson 
drainage  area. 

The  water-supply  damages  cited  on  the  Mohawk,  then,  are  total 
unfitness  of  the  stream  as  a  source  of  raw  supply  and  necessary  aban- 
donment of  an  intake  by  the  city  of  Schenectady. 

The  character  of  Saratoga  Lake,  and  the  use  to  which  it  has  been 
put,  makes  its  use  as  a  water  supply  undesirable.  It  might,  of  course, 
have  been  used  for  this  purpose  before  it  became  so  polluted,  but,  as 
it  is  a  part  of  the  great  summer  resort,  it  Is  natural,  and  almost 
imperativ^e,  that  it  should  be  given  up  to  recreative  purposes  and  as 
such  it  becomes  unimportant  from  the  standpoint  of  water  supply. 

RE  ALT  V   VALUES. 

There  are  many  places  in  the  Hudson  drainage  area  that  have  been 
made  undesirable  by  sewage  pollution,  but  in  the  majority  of  cases 
they  are  so  very  close  to  sewer  outlets  that  nothing  else  could  be 
expected,  and  the  surrounding  neighborhoods  have  teen  adapted  to 
meet  such  conditions.  Such  places  must  ever  exist — it  is  necessary 
for  every  city  to  have  its  garbage  area  and  dust  bin,  and  it  has  become 
the  custom  to  develop  these  surroundings  in  such  a  way  that  the  inter- 
ests involved  do  not  suffer  materially  by  the  existence  of  that  which, 
in  residential  districts,  would  seriously  impair  established  values. 
There  is  no  place  on  the  Hudson  where  the  condition  approaches  that 
ui>on  certain  parts  of  the  Passaic,  where  land  has  been  reduced  to  no 
value  and  localities  have  been  brought  to  a  standstill.  The  region 
about  Johnstown  on  Cayudutta  Creek  and  the  shores  of  Saratoga  Lake 
have  been  fast  approaching  that  condition,  but  up  to  the  present  time 
there  has  been  only  a  relatively  small  amount  of  realty  damage. 

The  law  reports  of  New  York  State  contain,  here  and  there,  cases 
arising  out  of  polluted  conditions  in  this  area,  the  most  important  of 
which  are  the  following: 

Supreme  c*  urt,  May  term,  181)1  (67  Hun,  p.  294);  Joshua  Demby  r. 
City  of  Kingston,  N.  Y. : 

The  plaintiff  and  wife  were  tenants  by  entirety  upon  two  lots,  tiirough 
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which  ran  a  stream  that  was  polluted  by  city  sewers.  Plaintiff  was 
obliged  to  cover  stream  and  to  incur  considerable  expense  to  get  rid 
of  nuisance,  and  finally  sued  the  city  for  damages  and  prayed  for  an 
injunction  against  further  pollution. 

The  city  held  that  it  was  not  responsible,  as  the  nuisance  was  caused 
by  private  connections  in  a  sewer  built  for  storm  water,  and  the  city 
could  not  go  upon  private  property  and  remove  them.  The  award  of 
the  jury  in  the  lower  court  was  affirmed,  the  amount  being  $524,  and 
a  permanent  injunction  was  issued. 

Supreme  court,  September  term,  1893  (71  Hun,  p.  232);  Simon 
Schriver  v.  Village  of  Johnstown: 

The  case  was  presented  on  appeal  from  the -lower  court,  in  which 
the  jury  awarded  $2,000  damages,  and  the  court  issued  a  permanent 
injunction.    A  part  of  the  opinion  of  the  supreme  court  is  as  follows: 

The  maintenance  by  a  mnnicix)ality  of  a  permanent  system  of  sewers,  through 
which  sewage  passed  into  a  natural  stream  and  pond  of  private  ownership,  cann- 
ing xK>llution  and  sediment,  presents  a  case  for  x>erpetaal  injunction  and  normal 
damages.  The  measure  of  damages  in  such  a  case  is  the  depreciation  of  rental 
value. 

The  estimated  rental  value  of  the  pond  was  $600  per  annum.  Of 
this  $400  was  still  available  under  the  i)olluted  conditions,  leaving  a 
balance  of  $200  for  which  the  city  was  responsible.  Damage  for  ten 
years,  amounting  to  $2,000,  was  affirmed,  and  the  permanent  injunc- 
tion was  continued. 

Supreme  court,  appellate  division.  May  term,  1897  (17  New  York, 
p.  207);  Moody  v,  Saratoga  Springs: 

An  appeal  by  defendant  from  verdict  in  lower  court  in  favor  of 
plaintiff.     Damages  were  awarded  and  an  injunction  was  issued. 

The  principal  contention  before  the  court  of  appeals  was  that  the 
village  was  not  responsible  by  reason  of  the  act  of  the  legislature 
which  authorized  the  construction. 

A  part  of  the  opinion  rendered  by  the  higher  court  reads: 

The  purpose  of  chapter  149  of  Laws  of  1885,  providing  for  the  extension  of  the 
main  sewers  of  Saratoga  Springs,  was  to  promote  the  interests  of  the  village,  and 
the  village  is  liable  to  the  owner  of  premises  near  a  creek  into  which  said  exten- 
sion is  discharged  from  the  injuries  resulting  from  the  i)ollution  of  air  and  water 
caused  by  such  discharge. 

An  act  which  authorizes  the  extension  of  a  sewer  authorizes  its  use,  but  stich 
use  must  not  result  in  a  nuisance  or  occasion  injury  to  the  legal  rights  of  others. 

In  conclusion,  having  considered  as  minutely  as  seems  advisable 
the  different  sources  of  pollution  in  the  Hudson  River  basin,  and 
having  indicated  in  a  brief,  summary  manner  its  effect  upon  the  nat- 
ural water  resources,  it  now  remains  to  determine  what  may  be  the 
future  of  these  resources  and  whether  pollution  will  continue  to  grow 
or  be  checked  by  popular  disapproval  and  consequent  legislative 
enactment. 
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The  whole  question  has  been  modified  by  the  snccessfol  introduc- 
tion of  filtration  for  water  supplies.  It  is  manifest  that  the  most 
potent  damage  that  is  ordinarily  done  to  the  resources  of  a  stream  is 
its  destruction  for  use  as  a  source  of  water  supply,  but,  having  over- 
come this  difficulty  by  the  introduction  of  filters,  it  is  more  than 
likely  that  the  tendency  will  be  toward  toleration  of  a  certain  amount 
of  pollution,  and  the  expense  of  filtration  will  be  regarded  as  a  fixed 
charge  upon  the  community  at  large. 

The  growing  use  of  sewage  purification  processes  has  also  a  beanng 
upon  the  i>oilution  question.  The  effluent  from  sewage  purification 
works,  while  properly  and  theoretically  harmless,  can  not  at  all  times 
be  depended  upon  to  thoroughly  eliminate  all  the  pathogenic  bacteria 
that  are  found  in  it.  There  must  be  laxities,  arising  in  even  the  most 
carefully  conducted  sewage  purification  plants,  that  are  entirely  una- 
voidable. Sewage  wiU  pass  through  the  purification  process  and  will 
not  be  treated  so  efficientlj^  as  the  process  of  purification  will  permit 
nor  so  carefully  as  the  diligence  of  those  in  charge  would  seem  to 
warrant.  Under  such  circumstances  it  is  clear  that  we  can  not  place 
sufficient  dependence  upon  sewage  purification  to  warrant  us  in  using 
for  potable  purposes  the  raw  water  from  a  river  into  which  such 
effluent  is  emptied. 

Natural  surface  drainage,  too,  is  to  be  considered.  Upon  rivers 
having  large  cities  along  their  shores  a  certain  amount  of  pollution 
must  arise  from  the  natural  drainage  of  occupied  land,  and  this  may 
be  a  detriment  to  the  river.  Such  contamination  is  unavoidable,  and 
is  certainly  not  so  important  as  that  from  city  sewers,  yet  it  is  true 
that  the  uncertainties  that  arise  make  it  necessary  to  avoid  the  use 
of  water  so  contaminated  for  domestic  purposes  without  filtration. 
So  it  appears,  as  already  observed,  that  the  tendency  will  be  to 
assume  that  the  contamination  incident  to  the  surface  drainage  of 
occupi^  land  and  the  effluent  from  sewage  purification  works  is  a 
necessary  and  unavoidable  evil,  and  to  consider  that  the  diminution 
of  natural  water  resources  by  this  means  is  one  of  the  prices  which 
society  must  pay  for  its  social  and  economic  development. 

The  above  applies  to  rivers  with  considerable  population  in  their 
immediat«e  drainage  areas.  The  pollution  of  upland  streams  in 
sparsely  settled  districts  must,  however,  be  regarded  as  needless,  and 
as  a  crime  against  the  community.  The  greater  part  of  these  areas 
possesses  little  value  from  an  agricultural  standpoint.  Under  the 
present  conditions  they  are  principally  useful  in  raising  forests.  The 
highest  development  of  their  natural  values  would  arise  by  setting 
them  aside  as  regions  for  the  conservance  of  water.  In  this  way  the 
forestry  and  water  problems  could  be  dealt  with  coincidently,  and  the 
adoption  of  such  as  a  public  policy  would  be  wise. 

The  damage  to  ice  interests  by  sewage  pollution  will,  in  the  course 
of  years,  settle  itself.    The  manufacture  of  ice  is  a  growing  industry. 
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and  when  the  time  shall  come  that  polluted  ice  is  no  longer  tolerated, 
the  use  of  artificial  ice  will  become  universal.  The  rivers  that  are 
now  used  as  ice  fields  are,  in  the  majority  of  cases,  those  that  are  pol- 
luted to  a  greater  or  less  extent,  so  that  the  damage  to  that  part  of 
the  water  resources  must  also  be  assumed  in  the  same  spirit  as  that 
just  described  with  reference  to  water  supplies.  It  will,  in  this  case, 
be  a  surrendering  of  certain  natural  sources  of  wealth  for  an  equal 
value  in  a  new  industry. 

Within  the  area  covered  by  this  brief  analysis  there  are  a  few  inter- 
state features,  although  the  questions  involved  are  not  now  of  local 
interest.  We  have  seen  that  a  part  of  the  drainage  area  of  the  Pas- 
saic extends  over  into  the  State  of  New  York  and  that  the  Hudson 
River  Basin  comprises  small  i>arts  of  Vermont,  Massachusetts, 
and  New  Jersey.  What  the  future  may  bring  forth  in  these  places 
with  regard  to  interstate  pollution  is  a  matter  of  conjecture,  yet  if 
the  cities  of  North  Adams,  Mass.,  and  Bennington,  Vt.,  should  grow 
sufficiently  to  pollute  the  Hoosic  River  to  the  same  extent  that  the 
Passaic  or  Cayadutta  Creek  is  now  polluted,  there  would  arise 
damages  to  different  interests  in  the  State  of  New  York  which  the 
courts  of  that  State  could  not  correct.  What  the  result  would  be  is 
uncertain,  for  there  is  not  yet  any  well-defined  process  nor  any  estab- 
lished practice  by  which  such  matters  could  be  easily  adjusted .  There 
is  a  national  authority  over  common  interstate  matters,  and  there 
should  be  an  equal  control  over  the  interstate  features  of  rivers  whose 
courses  lie  within  two  or  more  States. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  op  Hydrography, 
Washingiony  D.  C,  June  12^  1902, 
Sm:  I  have  the  honor  to  transmit  herewith  a  manuscript  by  Mr. 
Arthur  P.  Davis,  giving  the  results  of  surveys  and  investigations  for 
water  storage  on  Salt  and  Verde  rivers,  Arizona,  and  request  that  it 
be  published  in  the  series  of  Water-Supply  and  Irrigation  Papers. 

The  results  described  in  this  report  were  obtained  by  Mr.  Davis 
mainly  during  the  year  1901.  Assistance  was  rendered  by  the  local 
authorities,  committees,  and  citizens  of  Maricopa  County,  Ariz.,  and 
through  the  cooperation  thus  had  it  was  possible  to  go  into  details 
which  under  other  circumstances  could  not  have  teen  discussed.  The 
work  is  of  great  value,  not  only  to  the  Salt  River  Valley,  but  to  other 
poijLions  of  the  arid  region  where  water  storage  will  in  the  future  be 
undertaken,  as  the  careful  work  of  Mr.  Davis  has  demonstrated  the 
feasibility  of  utilizing  natural  resources,  particularly  in  the  making 
of  cement  and  turning  to  advantage  previously  unsuspected  means 
for  conserving  water.  Throughout  Arizona  and  the  entire  Southwest 
the  development  of  agriculture,  and  to  a  less  extent  of  mining  and 
other  industries,  rests  upon  water  conservation,  since  in  these  vast 
areas  the  streams  are  for  the  most  part  of  small  volume  and  are  sub- 
ject to  occasional  destructive  floods.  The  impounding  of  these  is  one 
of  the  most  Important  fundamental  steps  to  be  taken  toward  the  utili- 
zation of  the  vast  area  of  vacant  public  land. 

Very  respectfully,  F.  H.  Newell, 

Hydrographer  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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WATER  STORAGE  ON  SALT  RIVER,  ARIZONA. 


By  Arthur  P.  Davis. 


rNTBODUCnON. 

Salt  River  Valley  lies  south  of  the  center  of  the  Territory  of  Arizona, 
and  contains  by  far  the  largest  irrigated  area  in  that  Territory.  Its 
water  supply  is  obtained  from  Salt  River,  forming  below  the  conflu- 
ence of  Verde  River  the  largest  stream  in  Arizona. 

Verde  River  drains  the  central  portion  of  Arizona,  and  Upper  Salt 
River  the  east  central  portion.  Both  streams  are  more  or  less  torren- 
tial in  character,  the  combined  flow  dwindling  at  times  to  about  100 
cubic  feet  per  second,  and  at  other  times  reaching  a  volume  more 
than  one  hundred  times  as  great. 

The  development  of  Salt  River  Valley  has  been  carried  on  by 
diverting  the  natural  flow  of  the  river,  which  is  not  sufficient  for  the 
adjacent  lands.  Settlement  and  cultivation,  encouraged  by  years  of 
lai^e  or  normal  water  supply,  have  reached  a  point  where  dryer 
5^ears  do  not  furnish  sufficient  water  for  the  proper  irrigation  of  lands 
already  in  cultivation,  and  unless  the  water  supply  can  in  some  way 
be  increased  not  only  must  agricultural  development  entirely  cease, 
but  some  of  the  land  already  in  cultivation  must  be  abandojied. 

The  unprecedented  drought  of  the  last  three  years  has  brought  the 
I)eople  of  this  region  to  a  most  vivid  realization  of  this  condition,  and 
to  a  strong  determination  to  by  some  means  secure  the  construction 
of  reservoirs  for  the  storage  of  the  waters  which  now  go  to  waste 
during  the  melting  of  the  snows  in  the  spring,  and  during  the  torren- 
tial rains  of  the  late  summer.  The  agitation  for  storage  led  to  the 
formation  of  the  citizens'  committee  in  Phoenix  for  promoting  investi- 
gations and  for  developing  some  project  for  the  storage  of  water. 
The  action  taken  is  set  forth  in  the  following  communication  received 
in  November,  1900,  by  the  Secretary  of  the  Interior,  from  Mr.  B.  A. 
Fowler,  president  of  the  Salt  River  Valley  water-storage  committee : 

The  citizens  of  the  Salt  River  Valley  of  Arizona  have,  as  a  resnlt  of  a  protracted 

dronght,  become  thoroughly  aroused  to  the  vital  importance  of  forest  protection, 

and  especially  of  water  conservation  through  the  construction  of  reservoirs. 

Mass  meetings  have  been  held  and  an  organization  formed  representing  all  of  the 

diverse  interests  of  the  valley.    As  president  of  this  organization,  I  have  been 

instracted  and  empowered  to  take  active  steps  toward  bringing  about  better 

conditioiis. 
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A  careful  stndy  of  the  situation  has  shown  that,  as  preliminary  to  the  conatrac- 
tion  of  systems  of  water  storage,  we  must  have  a  full  knowledge  of  all  of  the 
physical  conditions  of  topography,  water  flow,  depth  of  bed  rock,  amount  of  sedi- 
ment carried  by  the  water,  and  other  facts.  With  these  fundamental  facts,  and 
with  estimates  of  the  capacity  and  cost  of  construction,  it  will  be  possible  to  dis- 
cuss alternative  projects,  and  to  lay  before  the  people  the  data  by  which  they  can 
be  guided  in  future  action,  and  by  which  Congress  may  consider  the  advisability 
of  public  works  for  the  regrulation  of  the  streams  and  for  the  reclamation  of  arid 
lands. 

We  understand  that  one  of  the  bureaus  of  the  Department  of  the  Interior,  viz, 
the  United  States  Geological  Survey,  has  been  authorized  by  Congress  to  ascer- 
tain these  facts  relating  to  the  reclamation  of  the  arid  region,  the  storage  of  water, 
and  related  subjects.  Also  that  the  demand  for  work  of  this  kind  far  exceeds  the 
funds  available  for  carrying  it  on,  and  that  as  a  consequence  work  is  bein^^  con- 
centrated in  localities  where  the  greatest  public  interests  are  to  be  served,  and 
particularly  where  cooperation  is  offered  by  the  people  or  their  legislatures. 

In  view  of  these  conditions,  I  am  authorized  to  bring  before  you  the  ^reat 
importance  of  this  work  to  the  people  of  Arizona,  and  as  an  evidence  of  onr-  earn- 
estness in  the  matter  to  offer  to  cooperate  to  the  extent  of  furnishing  $1,500,  to  be 
disbursed  upon  the  usual  approved  vouchers,  an  equal  amount  to  be  allotted  from 
the  funds  of  the  United  States  Geological  Survey,  to  be  expended  by  the  latter  in 
making  these  investigations.  My  conference  with  the  officials  of  the  C^eolog^ical 
Survey  has  shown  that  this  proposition  is  acceptable  to  them,  being  similar  to  the 
cooperation  now  in  force  with  the  Water  and  Forest  Association  of  California, 
and  also  with  officials  in  various  States. 

I  trust  that  this  matter  will  meet  your  hearty  approval  and  this  greatly  needed 
investigation  can  be  begun  at  once. 

This  letter  was  referred  to  the  Director  of  the  Geological  Survey, 
who  replied  to  the  Secretary  of  the  Interior  on  January  14,  1901,  as 
follows : 

I  have  the  honor  to  acknowledge,  by  reference  from  the  Department  of  Decem- 
ber 31 ,  for  early  report  and  return  of  the  i)apers,  a  letter  dated  November  30,  from 
Mr.  B.  A.  Fowler,  president  of  the  Salt  River  Valley  storage  committee. 

In  this  Mr.  Fowler  offers  to  cooperate  to  the  extent  of  furnishing  $1 ,600  in  the 
investigation  of  the  water  resources  of  the  portion  of  country  above  the  Sail  River 
Valley.  This  offer  of  cooperation  should,, in  my  opinion,  be  met  with  hearty 
approval  and  investigations  pushed  forward  energetically  in  those  regions  where 
the  people  testify  to  the  need  of  this  work  by  furnishing  financial  aid. 

The  offer  of  the  Arizona  people  is  comparable  to  that  of  the  California  Water 
and  Forestry  Association,  which  has  paid  one-half  of  the  field  expenses  of  similar 
investigations  in  California  during  the  past  year. 

Mr.  Fowler,  after  presenting  his  letter  of  November  20  to  you,  and  having  a 
I)ersonal  conversation,  filed  in  this  office  a  copy  of  the  letter.  In  view  of  the 
necessity  of  beginning  work  immediately,  while  the  climatic  conditions  are  favor- 
able, I  authorized  the  beginning  of  this  Arizona  work,  and  will  have  it  pushed 
forward  to  completion  if  it  continues  to  meet  your  approbation,  as  I  understand 
informally  that  it  does. 

The  work  now  in  hand  consists  of  a  thorough  examination  of  the  drainage  basin 
of  Verde  River,  the  gaging  of  the  streams,  and  the  determining  of  the  water  sup- 
ply; this  latter  involving  the  survey  and  examination  of  i)08sible  reeervoir  sites. 
After  this  is  completed,  it  is  possible  that  work  will  be  oontinned  on  the  Salt 
River  above  the  Verde. 
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Accordingly,  early  in  Janaar^'  the  investigation  of  the  McDowell 
reservoir  site,  near  the  mouth  of  Verde  River,  was  begun.  Measure- 
ments of  the  flow  of  the  river  were  also  begun  at  once,  and  borings 
were  made  in  order  to  ascertain  the  nature  of  the  foundation  for  the 
proposed  dam.  While  the  borings  were  in  progress  surveys  were  car- 
ried on  to  determine  the  capacity  of  the  reservoir  and  the  cubical  con- 
tents of  the  dam.  The  work  at  the  McDowell  dam  site  was  concluded 
on  April  20,  when  the  public  funds  available  for  the  work  were  almost 
exhausted.  About  this  time  the  water-storage  commission  was 
appointed,  under  the  act  of  the  Arizona  legislature,  as  follows* 

No.  65. 

• 

AN  ACT  to  antlioriae  any  ooanty  in  the  Territory  of  Arizona  haying  an  aaeemed  valuation  of 
eight  million  doIlarB  or  over  to  prepare  plans  and  specifications  for  a  storage  reservoir  or 
reservoirs,  dam  or  dams,  to  acquire  the  site  for  the  same,  and  to  provide  the  necessary  fonds 
to  defray  the  expenses  incurred. 

Be  it  eruicted  by  the  legislative  assembly  of  the  Territory  of  Arizona: 
Sbction  1.  Any  county  in  the  Territory  of  Arizona  having  an  assessed  valna- 
tion  of  eight  million  dollars  or  over  may  avail  itself  of  the  benefits  of  this  act  by 
complying  with  the  provisions  as  hereinafter  provided.  The  board  of  supervisors, 
npon  the  ];>etition  of  fifty  qualified  electors  and  freeholders  of  said  county,  shall 
request  the  district  judge  in  which  the  county  is  located  to  appoint  a  board  of 
water-storage  commissioners,  and  the  judge  shall  within  ten  days  thereafter 
appoint  five  qualified  electors,  who  shall  be  resident  freeholders  of  said  county, 
who  shall  be  known  and  designated  as  the  board  of  water-storage  commissioners. 
Each  of  said  commissioners  shall  hold  office  for  one  year  and  until  his  successor 
is  appointed  and  qualified.  Before  entering  upon  the  duties  of  his  office  he  shall 
give  bond  in  the  sum  of  one  thousand  dollars,  payable  to  the  said  county,  for  the 
faithful  performance  of  his  duty.  Said  bonds  shall  be  approved  by  and  filed  with 
the  board  of  supervisors  of  said  county.  At  its  first  meeting  the  board  shall 
organize  by  the  election  of  one  of  its  members  as  president.  It  shall  also  elect  a 
secretary,  who  may  or  may  not  be  of  its  number.  The  compensation  for  the 
members  of  said  board  shall  be  five  dollars  x)er  day  for  each  day  actually  employed. 
They  sihall  also  be  allowed  their  actual  traveling  expenses.  The  salary  of  the 
secretary  shall  be  fixed  by  the  board.  The  board  shall  establish  and  maintain  an 
oflBce  at  the  county  seat  of  the  said  county.  It  shall  be  the  duty  of  said  water- 
storage  commissioners  to  examine  reservoir  sites,  cause  to  be  made  surveys  and 
soundings,  determine  the  cai>acity  and  estimate  the  cost  of  construction  of  said 
proposed  reservoir  or  reservoirs,  dam  or  dams,  determine  the  extent  of  the  water- 
sheds and  rainfall  thereon;  to  collect  such  other  Information  as  shall  show  the 
water  available  for  storage  use  in  said  county  for  irrigating  purposes;  to  provide 
for  the  accumulation  of  such  other  information  as  may  be  required  therefor,  and 
cause  abstracts  therefrom  to  be  published  in  some  newspaper  published  and  of 
general  circulation  in  said  county;  to  employ  and  fix  the  compensation  of  a  com- 
petent engineer  or  engineers;  to  prepare  plans,  specifications,  and  estimates  for 
said  reservoirs  and  dams  and  file  a  copy  of  the  same  with  the  clerk  of  the  board 
of  supervisors  of  said  county;  to  employ  and  fix  the  compensation  of  legal  counsel 
in  any  matters  arising  under  this  act,  or  necessary  to  authorize  the  construction 
of  the  dams  or  reservoirs  referred  to  in  this  act,  and  to  select  the  most  available 
reservoir  site  or  sites,  and  to  acquire  the  same,  together  with  any  rights  of  way 
necessary  over  public  or  private  property,  by  purchase  or  through  eminent  domain, 
in  the  name  of  said  county  of  Maricopa,  and  for  the  benefit  of  the  people  of  said 
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county;  and  to  negotiate  with  and  obtain  agreements  from  canal  companies  in  rela- 
tion to  the  distribution  of  water  or  its  delivery  to  the  point  of  ultimate  use,  and  to 
cooperate  with  or  contribute  towards  the  expenses  of  any  investigations  now  being 
made  or  hereafter  to  be  made  by  the  United  States  G^eologicAl  Survey,  and  to 
transfer  to  the  National  Government  any  reservoir  site  or  rights  therein  or  thereto, 
or  connected  therewith,  which  may  have  been  acquired  hereunder,  in  the  event 
that  the  !^ational  Grovemment  should  undertake  the  construction  of  the  reservoir. 

Sec.  2.  For  the  purpose  of  defraying  the  expenses  of  the  board  of  water-storage 
commissioners,  the  board  of  supervisors  of  any  county  availing  itself  of  this  act 
shall  at  the  time  of  levying  Territorial  and  county  taxes  in  the  years  1901  and  1902 
levy  an  additional  tax  of  one  and  one-half  mills  on  the  dollar  on  all  taxable  prop- 
erty within  the  said  county,  to  be  collected  as  other  taxes  are  collected;  and  the  same 
shall  be  denominated  and  known  as  a  water-storage  fund.  The  board  of  water- 
storage  commissioners  shall  audit  and  approve  all  bills  for  expenses  incurred 
tmder  the  provisions  of  this  act,  and  present  the  same,  together  with  the  claims 
for  their  salaries  and  expenses,  to  the  board  of  supervisors,  who  shall,  if  found 
correct,  pay  the  same  out  of  any  money  in  the  water-storage  fimd. 

Sec.  3.  All  acts  and  parts  of  acts  in  conflict  with  the  provisions  of  this  act  are 
hereby  repealed. 

Sec.  4.  This  act  shall  take  effect  and  be  in  force  from  and  after  its  xMUSsage. 

Approved,  March  20,  1901. 

The  water-storage  commission  consisted  of  J.  T.  Priest,  Charles 
Goldman,  W.  D.  Fulwiler,  Dwight  B.  Heard,  and  J.  G.  Peterson. 
Arrangements  were  made  by  which  the  officers  of  the  Greological  Sur- 
vey were  to  prosecute  investigations  at  the  reservoir  site  on  Salt  River 
at  the  mouth  of  Ton  to  Creek,  with  the  machinery  and  camp  equip- 
ment of  the  Geological  Survey,  the  water-storage  commission  to  fur- 
nish subsistence  and  to  pay  the  laborers  and  incidental  camp  expenses. 
Borings  and  surveys  were  carried  on  for  about  three  months,  result- 
ing in  a  thorough  knowledge  of  the  foundation  conditions  for  a  high 
dam,  the  cubical  contents  of  the  same,  and  the  capacity  of  the  reser- 
voir site  for  each  10  feet  of  elevation  above  the  river  from  10  to  200 
feet.  The  results  of  all  these  investigations  and  the  plans  founded 
thereon  are  given  in  the  following  pages. 

WATER  STORAGE  ON  VERDE  RIVER. 

CHARACTER  OP  DRAINAGE  BASIN. 

Verde  River  rises  in  the  Black  Forest,  near  the  line  of  the  Atchison, 
Topeka,  and  Santa  Fe  Railway.  Its  general  course  is  a  little  east  of 
south,  draining  the  Black  Hills  and  Black  Mesa.  The  principal  tribu- 
taries from  the  east  are  Dragoon  Fork,  Oak  Creek,  Beaver  Creek,  Clear 
Creek,  and  East  Verde  River.  All  are  of  considerable  length  and  eome 
from  mountainous  country,  with  relatively  high  rainfall,  and  furnish 
the  main  i)ortion  of  its  waters.  The  only  tributaries  of  consequence 
from  the  west  are  Walnut  Creek,  near  the  head,  and  Granite  Creek, 
which  rises  near  Prescott  and  flows  northward.  These  creeks  are  usu- 
ally dry.  The  total  area  drained  by  the  Verde  is  about  6,000  square 
miles,  ranging  in  altitude  from  1,250  feet  at  Camp  McDowell  to  over 
8,000  feet.     The  topography  of  the  basin  is  widely  varied  in  character. 
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Near  the  headwaters  are  Big  Chino,  Williamson,  Little  Chino,  and 
Lonesome  valleys,  each  of  which  is  an  extensive  plain  yielding  little 
run-off  to  the  river.  The  greater  portion  of  the  basin,  however,  is  of 
a  mountainous  character,  being  cut  with  profound  canyons  and 
dotted  by  ruggetl  mountains.  Only  a  small  proportion  is  wooded 
and  the  soil  is  kept  nearly  bare  by  excessive  grazing.  As  might  l)e 
expected,  the  run-off  is  largely  torrential  in  character,  jind  the  floods 
carry  some  silt.  In  this  respect  it  is  not  as  favorable  for  storage  as 
the  basin  of  the  Salt. 

^VATER  SUPPLY. 

The  flow  of  Verde  River  at  Mount  McDowell  was  directly  observed 
by  the  Hudson  Reservoir  Company  from  February  4,  1895,  to  July  31, 
ISDO;  and  by  the  Geological  Survey  from  April  20, 1897,  to  November 
30,  1899,  and  during  1901.  The  balance  of  the  record  from  August  1, 
1888,  to  January  1,  1901,  is  derived  from  the  record  of  the  discharge 
of  Salt  River  at  Arizona  dam  below  the  mouth  of  the  Verde,  accord- 
ing to  principles  set  forth  on  page  24.  As  these  records  are  neces- 
sary in  connection  with  the  study  of  the  duty  of  Salt  River  reservoir 
they  are  given  by  months  in  connection  therewith,  on  page  26. 

The  monthly  discharges,  as  far  as  completely  known,  are  as  follows: 


Estimated  monthly  discTiarge  of  Verde  River  at  McDowell. 

[Drainage  area  6,000  square  miles.] 


Discharge  in  second-feet. 


Bnn-off. 


Month. 


August 

September 
October ... 
November 
December. 


1888.a 


The  year 


January . . . 
February. - 

March 

April 

May 

June 

July 

AuguBt 

September 
October ... 
NoTember 
December. 


IS^.a 


The  year 


January.. 
February. 

March 

April 

May 

June 

July 

August... 


1890.a 


Maximum.'  Minimum. 


Mean. 


175 

2,880 

21,745 


150 
213 

828 


10,480 
1,773 

13,180 
1,112 
639 
185 
551 
370 
562 
852 
315 

12,686 


18,180 


6,615 
64,480 

6,719 
415 
360 
202 

ma 

3.760 


107 


578 
471) 
1,(X)1 
274 
120 
119 
]67 


Total  in 
acre-feet. 


172 
168 
166 
421 
8,349 


699 

2,498 

690 

1,172 

1,390 

8,411 

499 

795 

118 

197 

107 

141 

140 

208 

191 

204 

187 

250 

160 

220 

266 

288 

279 

2,843 

1,018 


2,092 

4,544 

368 
174 

220 
1,904 


Second- 
feet  per 
square 
mile. 


10,647  ' 

9,906 

10,178 

25,050 

205,964 


261,785 


158,611 
65,059 

209,749 
47.302 
12, 141 
8,390 
12,819 
12,556 
14,880 
13,530 
17,136 

174,846 


'42,028 


128.685 

253, 173 

153,987 

21,896 

10,680 

9.121 

13,5:fi 

117.074 


0.08 
.08 
.08 
.07 
.66 


Depth  in 
inches. 


.42 

,20 
,57 
,09 
,03 
,02 
,04 
,03 
,04 
,(H 
,04 
,67 


,18 


,35 
,76 
,62 
,06 
,(B 
,0C3 
,04 
It} 


0.08 
.08 
.08 
.078 
.646 


.48 
.21 
.65 
.10 
.03 
.02 
.04 
.08 
.04 
.05 
.04 
.77 


2.43 


.40 
.79 
.71 
.07 
.08 
.03 
.04 
.37 


oObtained  by  taking  proportional  part  of  tho  discharge  of  Salt  River  «it  Arizona  dam. 
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Estimated  vwnthly  discharge  of  Verde  River  at  McDowell, — Contmned. 


Month. 


September 
October  . . . 
November. 
December. 


iseo.a 


The  year 


January . . . 
February.. 

March 

April 

May 

June 

July 

August 

September 
October  ... 
November. 
December. 


l«91.a 


The  year 


Discharge  in  aeoond-feet. 


Maximum.  Minimum, 


1,709 

3,733 

15,252 

15,183 


64,480 


7,1»3 
185,000 

3,4fl() 
006 
361 
589 
405 
868 
631 
310 
314 
346 


January.. 
February. 

March 

April 

Ma] 


l««.a 


135,000 


860 


/ay 

June 

July 

August 

September . , 

October  

November  . 
December . . 


The  year 


January... 
February.. 

March 

April 

May 

June 

July 

August 

September 
October  . . . 
November 
December . 


1898.a 


The  year 


215 
276 
188 
875 
435 
296 


231 

4,781 

144,306 

i95 

380 

106 

478 

1,240 

1,164 

244 

339 

325 


144,308 


January... 
February  . 

March 

Ajjril 

M!ay 

June 

July 

August 

September 
October  . . . 
November 
De<:ember . 


vms 


264 
284 
996 
269 
89 
133 
22:) 
923 
715 
714 
308 
820 


The  year 


923 


348 
377 
383 
555 


119 


445 

371 
5*J5 
458 
365 
280 
252 
251 
229 
231 
231 
294 


229 


257 


186 
162 
157 
164 
225 
263 


231 

248 
230 
141 
64 
44 
117 
233 
284 
276 
280 
313 


44 


231 

236 

205 

95 

60 

66 

66 

140 

1:39 

122 

207 

233 


60 


Mean. 


Total  in 
acre-feet. 


I 


i.iies 

1,384 
2,3S0 
8,180 


1,435 
17.467 

1,928 
534 
458 
401 
814 
278 
305 
258 
256 
888 


2,004 


284 


1S2 
198 
164 
223 
257 
282 


281 
672 
5,386 
290 
150 
08 
225 
802 
580 
376 
296 
315 


778 


244 
259 
580 
171 
68 
79 
119 
439 
292 
242 
280 
442 


250 


06,802 

80,116 

140,381 

192,464 


1,606  I  1,186,843 


88,244 
970,061 
118,585 
31,775 
28,190 
23,849 
19,291 
17,113 
23,478 
15,833 
15,233 
20,168 


Bun-off. 


Second- 
feet  per 
square 
mile. 


.19 
.02 
.39 
.52 


Depth  in 
inchoL 


.21 
.OS 


.218 


.22 

2.91 
.32 
.09 
.08 
.07 
.06 
.05 
.06 
.04 
.04 
.05 


a» 


1,371,760 


17,468 
611,046 
69,832 
65,213 
65,008 
63,108 

9,374 
12,172 

9,768 
13,712 
15,263 
17,809 


.382 


.35 

3.  IK 

J, 

.11' 

.(^ 

II' 

(h 

IH 
11; 


129,861 


14,204 

87,813 

331,108 

17,244 

9,253 

4,062 

18,842 

49,821 

81,632 

23,120 

17,013 

19,838 


.05 


.02 
.08 
.08 
04 
.04 
.06 


4.$ 


.It 


.1^ 


568,000 


15,090 

14,395 

32,565 

10,187 

4,150 

4,718 

7,834 

26,906 

17,385 

14,880 

13,666 

27,147 


.04 
.11 
.90 
.05 
.OS 
.01 
.04 
.13 
.00 
.06 
.05 
.05 


188,427 


13 


.04 
.04 
.00 

.oe 

.01 
.01 
.02 
.07 
.06 
.04 
.04 
.07 


14 

11 

II 


1:4 


IK 

.'6 


.04 


a  Obtained  by  taking  proxiortional  part  of  discharge  of  Salt  River  at  Arizona  dam. 
6  Approximate,  from  minimum  discharge  recorded  for  same  months  in  1900. 
c  Obtained  by  taking  projwrtional  jMirt  of  discharge  of  Salt  River  at  Arizona  dam.    Using  Mr 
Trott's  computations. 
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Estimated  monthly  discharge  of  Verde  River  at  McDowell — Continued. 

Diflclutrge  in  seoond-feet. 


Honth. 


m5.a 

January 

February 

March... 

April 

May 

June 

July 

Aujnist... 

September 

(Vtober 

NoTiember 

December 

The  year 

1896. 

January 

February. 

March 

April 

May 

June 

July 

Augnatb 

Beptember* 

October* 

NoTember* 

December  ft 

Theyearft 

1807. 

January  ft 

February  ft 

Marchft 

Aijrilft 

May 

June 

July 

August 

Sf'ptember 

f><^tober 

November 

December 

The  year 

1806. 

Jannary 

February 

March ..'.'.'.'.. 

April 

May 

June 

July ";::: 

Anguflt 

September 

f>ctober 

November 

December 

Theyear 

18BB. 

January 

Fobmary 

March 

April 

Blay 

June 

July 

August I.. 

September 

October 

November 

December 

Theyear    .... 


Iff^t^tmnin 


33,000 

6,800 

8,400 

2,800 

420 

IHU 

275 

l,42tt 

848 

8,012 

1,8m 

881 


Minimum. 


527 
5K3 
1,887 
280 
127 
120 
116 
185 
141 
107 
241 
345 


38,000 


854 
862 
888 

237 

806 

187 

8,3H0 

6,828 

4,486 

680 

747 

444 


5,323 


15,687 

2,245 

4,018 

2,706 

460 

185 

280 

1,500 

6,aK) 

300 

265 

280 


Id,  687 

1,680 

800 

1,535 

710 

280 

160 

1,800 

1,730 

1,380 

180 

230 

440 


1,800 


560 

375 

325 

230 

210 

230 

1,400 

8,170 

2,500 

3,770 

250 

364 


3,770 


116 

814 
278 
25K 
206 
138 
101 
08 
272 
252 
301 
884 
826 


08 


252 

487 
706 
816 
170 
120 
00 
110 
210 
280 
280 
260 


00 


120 
200 
210 
180 
130 
130 
115 
165 
165 
160 
165 
280 


115 


205 
295 
225 

170 
118 
118 
118 
100 
135 
160 
2:fi 
223 


100 


Mean. 


4,087 
1,688 
3,?J0 
750 
258 
153 
145 
350 
176 
475 
463 
301 


Total  in 
acre-feet. 


1,051 


402 

2,138 
873 
1,504 
1,189 
260 
150 
130 
430 
002 
300 
262 
267 


710 

253 
406 
630 
310 
184 
130 
323 
400 
888 
160 
105 
308 


313 


360 
Mi 
260 
206 
152 
152 
365 
434 
357 
540 

2m 

292 


306 


248,225 
08,747 

228.734 
44,628 
15,864 
0,104 
8,016 
22,074 
10.47;) 
20.2(17 
27,650 
24,042 

762,564 


Run-off. 

Second- 
feet  per  Depth  in 
square  ,  inches, 
mile. 


.67 
.28 
.62 
.13 
.04 
.08 
.02 
.06 
.03 
.08 

.m 

.07 


324 

10,088 

154 

8,862 

276 

16,071 

220 

13,000 

172 

10,576 

117 

6,068 

864 

68,127 

840 

52.213 

557 

38,132 

452 

27,823 

492 

20,300 

;fi2 

21,644 

.18 

.06 
.08 
.(» 
.04 
.08 
.02 
.14 
.18 
.06 
.06 
.05 
.04 


208,620 


.06 


131,474 
48,484 
82,402 
70,774 
16,540 
8,920 
7,908 
26,908 
60,088 
10,000 
15,600 
16,417 


513,705 


.36 

.15 

.25 

.20 

.045 

.025 

.022 

.078 

.165 

.061 

.044 

.015 


12 


15,566 
27,546 
30,201 
18,082 
11,314 
8,271 
10,861 
24.585 
20,112 
10,301 
11,  OKI 
18,631 


.04 
.08 
.11 
.06 
.08 
.08 
.05 
.07 
.06 
.08 
.08 
.06 


226,153 

21.521 
19,106 
15,987 
12,108 
0,346 
0,045 
22,443 
26,  ({86 
21,24,S 

:«.:5: 

13,240 


,06 


.06 
.06 
.04 
.08 
.03 
.03 
.06 
.07 
.06 
.09 
.08 
.06 


217,914 


.05 


.  tt 
.20 
.71 
.14 
.04 
.08 
.02 
.07 
.08 

.m 

.00 
.08 

2.86 

.06 
.08 
.06 
.04 
.08 
.02 
.16 
.21 
.07 
.06 
.06 
.06 


85 


.41 

.16 

.20 

.28 

.068 

.028 

.085 

.084 

.184 

.050 

.040 

.058 


1.61 


.04 
.00 
.13 
.06 
.08 
.02 
.06 
.08 
.07 
.08 
.08 
.06 


.70 

.07 
.06 
.05 
.Ot) 

.m 

.(W 
.07 
.08 
.07 
.10 
.(« 
.06 


68 


,J|Obtained  by  taking  pfroportional  part  of  diHoharge  of  Salt  River  at  Arizona  dam.    Using  Mr. 
rrott  8  compntations.  ft  Computations  made  from  Mr.  Trott's  figures. 
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Estimated  monthly  discharge  of  Verde  River  at  McDowell — Continued. 


Month. 


Jannary . . . 
February  . 

March 

April 

May 

June 

July 

August 

September 
October  . . . 
November 
December . 


1900. « 


The  year 


January . . . 
February  . 

March 

April 

May 

Juno 

July 

Augrust 

September 
October  ... 
November 
December . 


1901.  b 


The  year 


January . . 
February 


1902. 


Discharge  in  second-feet. 


Total  in 

Second- 

MaTJmum. 

MinimiiTn 

Mean. 

acre-feet. 

feet  per 

square 

mile. 

Depth  in 
inches. 

195 

179" 

189 

11,621 

.08 

.03 

211 

184 

199 

11,046 

.08 

.(J3 

187 

144 

160 

0,83S 

.03 

.03 

125 

74 

88 

5,218 

.01 

.01 

190 

46 

91 

5,606 

.02 

.m 

76 

86 

52 

8,106 

.01 

.01 

105 

as 

52 

3,176 

.01 

.01 

555 

68 

151 

9,235 

.02 

.18 

.S05 

92 

121 

7,196 

.02 

.02 

406 

107 

183 

11,252 

.08 

.03 

2,409 

168 

480 

25,617 

.07 

.(« 

272 

205 

224 

13,775 

.04 

.0* 

2,409 

8B 

161 

116,679 

.025 

..S3 

1,657 

259 

851 

21,575 

.06 

.07 

8,618 

894 

1,860 

108,249 

.80 

.:n 

2,868 

211 

895 

55,018 

.15 

.17 

221 

165 

184 

10,988 

.08 

.(6 

185 

125 

ISO 

8,606 

.02 

.ffl 

164 

59 

104 

6,222 

.02 

.fS 

1,430 

29 

210 

12,916 

.04 

.01 

1,766 

168 

6S7 

38,561 

.11 

.13 

172 

45 

03 

5,514 

.01 

.01 

405 

82 

184 

8,210 

.02 

.^e 

886 

187 

245 

14,571 

.04 

,         .w 

291 

247 

268 

16,485 

.04 

1     •«* 

6,613 

29 

426 

801,915 

.07 

:       .90 

262 

197 

224 

18,786 

.08 

.08 

248 

227 

289 

18,277 

.04 

.04 

Run-off. 


n  No  observations  made  during  1900  by  United  States  Geological  Survey.    Computations  made 
from  Mr.  Trott's  figures. 
t>  Computations  xnade  from  observations  taken  by  United  States  Geological  Survey. 

Two  storage  reservoirs  have  been  proposed  upon  Verde  River.  The 
Horseshoe  reservoir,  which  is  described  in  Water-Supply  and  Irriga- 
tion Paper  No.  2,  page  62,  is  situated  about  30  miles  above  old  Camp 
McDowell,  near  the  mouth  of  Limestone  Creek.  An  outlet  tunnel 
has  been  cut  and  a  portion  of  the  canal  has  been  built,  but  work  ha.<i 
been  suspended  for  several  years.  The  capacity  of  this  reservoir 
would  be  about  200,000  acre-feet. 

McDowell  reservoir. 

This  reservoir  site  is  situated  above  Mount  McDowell,  near  the 
mouth  of  the  Verde,  and  includes  the  site  of  old  Camp  McDowell. 
The  dam  sit.e  is  about  2  miles  above  the  mouth  of  the  Verde.  This 
reservoir  site  was  suggested  and  partly  surveyed  by  Mr.  Frank  P. 
Trott,  the  water  commissioner  of  Salt  River  Valley. 

BORINGS. 

Early  in  January,  1901,  field  work  was  begun  by  the  Geological 
Survey,  and  an  examination  of  the  McDowell  reservoir  site  on  Verde 
River  was  made.  Two  pipe-driving  machines  and  a  diamond  drill 
were  taken  to  the  ground,  and  borings  were  begun  to  determine  the 
position  and  character  of  bed  rock  at  the  site  of  the  proposed  dam,  Mr. 
W.  E.  Jone,s,  of  Pes  Moines,  Iowa,  being  eniploved  as  drill  foreman. 
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Mr.  C.  R.  Olberg  was  intrusted  with  the  construction  of  a  map  of 
the  reservoir  sit^e  in  10-foot  contours,  on  a  scale  of  1,000  feet  to  an 
inch,  and  a  detailed  map  of  the  dam  site  was  made  on  a  scale  of  100 
feet  to  an  inch.  The  field  work  was  under  the  general  direction  of 
Mr.  F.  P.  Trott,  whose  duties  as  water  commissioner,  however,  pre- 
vented his  continued  presence  on  the  ground,  so  that  the  immediate 
charge  was  assigned  to  Mr.  £.  G.  Hamilton. 

The  borings  began  by  attempting  a  straight  row  of  holes  along  the 
axis  of  the  dam  proposed  by  Mr.  Trott.  The  conditions  were  found 
to  be  very  difficult.  At  a  depth  of  about  30  feet  a  bed  of  very  hard 
cemented  gravel  was  encountered,  into  which  it  was  impossible  to 
drive  the  pipe,  except  with  the  assistance  of  blasting,  but  which  was 
not  sufficiently  coherent  to  be  classed  as  solid  rock. 

The  work  was  also  hampered  by  the  fluctuation  of  the  river,  the 
floods  threatening  several  times  to  wreck  or  sweep  away  the 
machinery. 


Fio.  1.— Plan  of  borings  at  McDoweU  dam  site. 

By  February  26  it  had  been  demonstrated  that  it  was  at  least  more 
than  70  feet  to  bed  rock  in  hole  No.  6  on  the  main  axis  of  the  proposed 
dam,  and  the  work  being  hampered  here  by  fluctuating  water,  Mr. 
Trott  determined  to  try  along  an  alternate  location,  shown  in  fig.  1, 
farther  upstream,  and  both  machines  were  set  to  work  there  on  holes 
Nos.  21  and  25.  The  former  was  soon  completed,  showing  a  depth  to 
rock  of  21  feet.  The  machine  was  removed  to  the  site  of  Ko.  28. 
Work  was  pushed  on  25  and  28  until  the  former  reached  a  depth  of 
90  feet  without  striking  rock.  This  was  considered  a  prohibitory 
depth  for  this  location  and  the  machinery  was  returned  to  the  first 
location  tx)  continue  the  exploration  of  the  main  line.  This  was  com- 
pleted on  April  20. 

The  location  of  the  borings  on  both  lines  is  sliown  m  fig.  1.  The 
depths  of  borings  are  shown  in  the  table  following. 

IRR  73—02 2 
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Borings  at  McDowell  dam  site. 


Hole  number. 


1 
2 
4 
6 

8 
10 
\2 
21 
25 
28 


Distance 

from 

bench 

mark. 


Feet. 
20 

ao 

120 
160 
200 


SfSS  I  Total  '     Character  of  bed 
^^  I  depth.  rock. 


Feet. 
22 
85 
90 
80 
49 
40 
52 


Feet. 
iSt 
38 
99 
92 
60 
46 
65 
26 
90 
50 


Oranlte. 
Botten  granite. 
Broken  granite. 

Do. 
Granite. 

Hard  gray  graniU\ 
Broken  granite. 
Granit^e. 
No  bed  rock  reached. 

Do. 


CAPACITY. 


CajKtcity  of  McDowell  reservoir. 


Eleva- 
tion 
above 
lowest 
founda- 
tion. 


Feet. 
100 
110 
120 

lao 

140 
150 
160 
170 
180 
190 
200 
210 
220 


Area. 

Capacity 

of 
section. 

Total 
caiiacity. 

Acres. 

Acre-feet. 

Acre-feet. 

14 

70 

70 

91 

525 

505 

mi 

2,110 

2,706 

717 

5,240 

7,945 

1,073 

8,950 

16,895 

1,661 

13,670 

30,6a5 

2.292 

19,765 

50,330 

3,134 

27,130 

77,460 

4,084 

35,840 

113,800 

4,900 

45,120 

158,430 

6,020 

55,050 

213,470 

7,213 

66,165 

279,635 

8,498 

1                     1 

PLANS   FOR  THE   DAM. 

The  map  of  the  reservoir  site  was  made  on  a  scale  of  1,000  feet  to 
an  inch,  with  a  contour  interval  of  10  feet.  A  reduced  outline  of  it  is 
given  in  PI.  IV.  The  map  of  the  dam  site  was  made  on  a  scale  of  100 
feet  to  an  inch,  with  a  contour  interval  of  5  feet.  A  reduction  is  shown 
in  PI.  VII. 

The  capacity  of  the  reservoir  is  very  large,  so  far  as  it  goes,  but  the 
practicable  height  of  dam  is  limited  by  the  height  of  the  east  abut- 
ment. The  total  excavation  to  bed  rock  is  large,  and  much  of  the 
material  to  be  excavated  is  hard.  At  a  depth  of  30  feet,  more  or  less, 
the  river  gravel  is  underlain  down  to  bed  rock  by  a  ver^'  hard  cementtMl 
mixture  of  sand  and  gravel,  which  would  be  very  expensive  to  exca- 
vate in  case  a  masonry  dam  was  constructed,  but  is  sufficiently  firm 
to  serve  as  foundation  for  a  rock-fill  structure.  The  cost  of  a  masonry 
dam  would  be  prohibitory.  The  moderate  height,  the  great  length,  and 
the  abundance  and  convenience  of  suitable  rock  are  all  additional 
arguments  in  favor  of  the  rock-fill  type,  and  it  is  without  doubt  the 
most  suitable.     The  most  unfavorable  feature  of  the  whole  project  is 
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the  character  of  the  east  abutment  at  the  dam  sit<».  The  i^aiiite  ImhI 
n>ck  appears  on  the  surface  on  the  east  side  of  the  river,  but  8<h?iii8  to 
enter  the  hill  on  a  nearly  liorizontal  grade.  The  hill  al)Ove  tlie  granite, 
which  constitutes  the  upper  00  feet  of  the  abutment,  is  composed  of 
an  indurated  mixture  of  coarse  sand  and  gravel  of  the  same  charac'ter 
as  the  foundation  deserilwd  alx>ve,  too  hard  to  excavate  with  a  pick, 
but  not  to  be  classified  as  rock,  and  inclined  to  disintegrate  upon  expo- 
sure to  the  air.  It  is  probable  that  under  high  head,  wat^^r  might  per- 
colate through  this  material  to  some  extent,  at  least  wliere  the  abut- 
ment is  thinnest;  and  to  insure  against  this  a  concrete  core  is  to  be 
carried  into  the  hill  a  distance  of  about  dOO  yaixls,  where  the  hill 
becomes  over  1,(X)()  feet  thick.  Supposing  this  core  to  l)e  6  feet  in 
thickness,  the  excavation  and  masonry  would  cost  about  ♦<)()()  j)or  run- 
ning yard,  and  hence  would  add  $1S0,(XX)  to  the  cost  of  the  construc- 
tion. The  bond  between  the  concrete  core  and  the  adjacent  natural 
deposit  should  be  made  as  thorough  as  possible  by  filling  the  joint 
with  Portland  cement  concrete,  well  ramme<i  in  place,  so  that  there 
can  be  no  creeping  of  water  along  the  wall.  With  proper  precautions 
it  is  believed  that  a  dam  of  the  proposed  height,  120  feet,  could  be 
safely  built  and  maintained. 

At  the  site  of  the  dam  the  river  l)ed  is  composed  of  ordinary  sand 
and  gravel  to  n  depth  of  about  30  feet,  when  the  compact  cemented 
jL^ravel  is  encountered.  The  depth  to  bed  rock  is  about  00  feet  at  the 
deepest  point.  It  is  proposed  to  carry  a  concrete  wall  down  to  bed 
rock  across  the  canyon,  at  the  upstream  toe  of  the  dam.  This  wall 
will  be  35  feet  thick  at  the  base  on  bed  rock  and  diminish  to  15  feet 
at  the  top.  Downstream  from  this  wall  the  river  sand  and  gravel  will 
be  excavated  down  to  the  cemented  material  above  mentioned,  and 
upon  this  will  be  founded  the  main  dam,  which  is  to  be  of  the  rock-fill 
type,  the  upstream  face  to  be  on  a  slope  of  1  in  2,  and  the  downstream 
slope  3  in  2,  with  a  top  width  of  20  feet.  The  rock  will  be  obtained 
from  the  mountain  of  granite  that  rises  abruptly  from  the  west  abut- 
ment. The  rock  can  be  transported  down  grade  on  a  cable  way,  and 
dropped  on  the  dam  in  large  blocks,  from  a  considerable  height,  which 
will  serve  to  ram  it  solidly  in  place,  and  it  is  believed  very  little  set- 
tlement will  occur.  On  the  upstream  face  is  to  be  a  wall  of  rubble 
masonry  resting  on  the  concrete  wall  that  goes  down  to  bed  rock.  The 
maxSonry  will  have  a  thickness  of  20  feet  at  the  bottom,  diminishing  to 
5  feet  at  the  top.  Against  its  downstream  side  will  he  built  the  mass 
of  dry  rock  fill;  on  the  water  face,  which  will  have  a  slope  of  1  in  2, 
will  be  placed,  at  intervals  of  20  feet,  a  series  of  7-inch  steel  I-beams, 
each  extending  from  the  bottom  to  the  top  of  the  dam.  To  these 
beams  will  be  fastened  a  floor  of  one-fourth  inch  steel  plates,  dipi)ed 
in  asphalt  and  riveted  together  to  form  a  water-tight  skin  over  the 
entire  water  slope  of  the  dam.  The  space  between  the  steel  plates 
and  the  masonry  will  be  filled  with  concrete  tightly  rammed.     The 
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concrete  aud  rubble  walls  will  unite  at  the  ends  with  the  concrete 
core,  which  is  to  be  carried  into  the  east  abutment,  as  above  described. 

The  outlet  will  be  through  a  tunnel  of  concrete  built  through  the 
dam  along  the  bed  of  the  river,  provided  with  Stoney  gates,  similar  in 
construction  and  mechanism  to  those  for  the  Salt  River  reservoir, 
illustrated  in  PL  XXII.  All  water  will  be  drawn  from  the  bottom  of 
the  reservoir,  and  whenever  the  spillwaj^  begins  to  discharge,  the  gates 
will  be  opened  to  full  capacity  for  the  purpose  of  discharging  the 
maximum  quantity  of  silt  and  of  reenforcing  the  spillway. 

For  diverting  the  river  during  construction  a  temporary  diversion 
dam  could  be  placed  across  the  river  about  4,000  feet  above  the  dam 
site,  and  the  water  diverted  into  a  large  flume  and  carried  along  the 
east  side  of  the  river  over  the  i)ortion  of  the  foundation  where  granite 
bed  rock  appears  on  the  surface.  The  underflow  can  probably  be 
sufficiently  checked  by  driving  sheet  piling  down  to  the  bed  of  indu- 
rated gravel,  with  which  the  valley  is  underlain  at  a  depth  of  about  30 
feet.  After  the  dam  becomes  too  high  to  use  this  flume  the  discharge 
will  be  through  the  outlet  tunnel.  The  flume  should  be  removed 
early  in  the  spring,  at  the  beginning  of  the  low-water  season,  and 
construction  pushed  rapidly,  so  as  to  have  a  large  storage  and  dis- 
charge capacity  ready  for  the  first  flood. 

SPILLWAY  PROVISIONS. 

The  greatest  flood  that  ever  occurred  in  Salt  River  Valley  since  its 
settlement  occurred  in  February,  1891.  It  is  described  in  the  Twelfth 
Annual  Report^  of  the  Geological  Survey,  as  follows: 

On  Febmary  17  the  mean  discharge  was  835  second-feet,  increasing  the  next 
day  to  154,000  second-feet,  and  on  the  19th  to  276,000.  This  first  fiood  diminished 
rapidly,  averaging  on  the  20th  only  69,100,  and  on  the  22d  14,890.  This  was  fol- 
lowed by  a  second  swell  greater  than  the  first,  the  flood  Increasing  nntil,  on  the 
24th,  a  maximum  of  300,000  second-feet  was  reached.  This  subsided  ahnost  as 
rapidly  as  it  came,  so  that  by  the  second  day  after  the  river  was  carrying  lees 
than  15,000  second-feet. 

The  drainage  area  from  which  this  flood  was  drawn  was  consid- 
erably more  than  double  that  above  the  McDowell  reservoir.  A 
smaller  drainage  basin  is,  however,  liable  to  a  relatively  higher  flood 
discharge  than  a  larger  one,  though  the  floods  are  of  shorter  duration. 
It  is  therefore  estimated  that  the  basin  under  consideration  may  dis- 
charge a  flood  having-  a  maximum  volume  of  200,000  cubic  feet  per 
second,  or  two-thirds  that  of  1891  at  Phoenix.  On  the  above  assump- 
tions a  maximum  flood  has  been  hypothecated  and  the  behavior  of  the 
reservoir  under  the  circumstances  investigated.  It  is  assumed  that 
the  reservoir  is  full  up  to  the  bottom  of  the  spillway,  and  that  a  great 
flood  discharges  100,000  cubic  feet  per  second  on  an  average  for  one 
hour,  and  increases  its  discharge  10,000  cubic  feet  per  second  during 
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each  hour  for  eleven  hours,  at  the  end  of  which  time  it  has  reached 
its  maximum  wave  of  200,000  cubic  feet  per  second.  The  discharge 
then  decreases  in  an  arithmetical  progression  for  twenty  hours  at  the 
rate  of  5,000  second-feet  per  hour,  reaching  a  discharge  of  100,000 
second-feet  as  a  mean  for  the  thirty-first  hour.  The  spillway,  as 
planned,  has  a  total  length  of  900  feet,  and  its  bottom  is  15  feet  below 
the  top  of  the  dam.  Its  discharge  capacity  is  computed  from  the 
formula  Q=Hi  3150.  Assuming  that  the  gates  wll  be  opened  to 
their  full  capacity  when  the  spillway  begins  to  discharge,  the  effect 
on  the  reservoir  of  the  hypothetical  flood  is  shown  in  the  following 
table  : 


1 

2 
3 
4 
5 
6 


10 
11 
12 
13 
14 
15 
16 

i: 

18 

19 

fl) 

21 

22 

23 

24 

25. 

2B 

27, 

28. 

29. 

ao. 

31. 


Effect  of  maximum  flood  in  McDowell  reservoir  with  spillway  900  feet  long, 

[Q»H*81fiO.] 


Hour. 


Capacity. 


Inflow. 

Outflow. 

Eleva- 
tion. 

Second- 
feet. 

Acpe-feet. 

Second- 
feet. 

Acre-feet. 

Net  rise. 

■ 

Feet. 

100,000 

8,260 

6,289 

518 

1.29 

201.29 

110,000 

9,090 

13,147 

1,085 

1.28 

202.57 

120,000 

9,920 

22,759 

1,879 

1.26 

208.83 

180,000 

10,740 

34,176 

2,822 

1.21 

206.04 

140,000 

11,570 

46,688 

3,867 

1.16 

206.19 

150,000 

12,390 

59,856 

4,944 

1.09 

207.28 

180,000 

18,220 

78,  sn 

6,080 

1.08 

208.31 

170,000 

14,040 

86,996 

7,185 

.97 

809.28 

180,000 

14,870 

100,562 

8,297 

.91 

210.19 

190,000 

15.890 

113,606 

9,375 

.86 

211.06 

200,000 

16,520 

127,068 

10,494 

.81 

211.86 

105,000 

16,110 

138,676 

11,456 

.62 

212.48 

190,000 

15,090 

147,681 

12,197 

.46 

212.94 

186,000 

15,290 

154, 39^ 

12,752 

.33 

213.27 

180,000 

14,870 

159,128 

13,144 

.23 

213.47 

175,000 

14,480 

161,896 

13,372 

.14 

213.61 

170,000 

14,040 

163,721 

13,524 

.07 

218.68 

165,000 

13,&30 

164,349 

13,576 

.00 

213.68 

180,000 

13,220 

164,000 

13,546 

-  .04 

218.64 

1&5,000 

12,800 

162,597 

13,430 

-  .08 

213.56 

150.000 

12,390 

161,764 

13,361 

-  .13 

213.43 

145,000 

11,980 

158,353 

13,080 

-  .15 

213.28 

140,000 

11,570 

156,587 

12,861 

-  .17 

213.11 

135,000 

11,150 

152,500 

12,966 

-  .19 

212.92 

130,000 

10,740 

149,136 

12,319 

-  .21 

212.71 

125,000 

10,330 

145,484 

12,016 

-  .22 

212.49 

120,000 

.     9,920 

141,640 

11,099 

-  .24 

212.25 

115,000 

9,500 

137,802 

11,385 

-  .25 

212.00 

110,000 

9,090 

133,297 

11,101 

-  .26 

211.74 

105,000 

8,680 

129,105 

10,864 

-  .27 

211.47 

100,000 

8,200 

124,739 

10,303 

-  .28 

211.19 

187,975 

15,526 

215.00 

COST. 

The  following  estimate  is  based  upon  the  data  at  hand  and  worked 
up  April  12,  1902,  and  is  subject  to  modification: 

Estimate  of  the  cost  of  the  McDotvell  reservoir,  on  Verde  River ^  with  capacity  of 

186,000  acre-feet. 

745,875  cubic  yards  rock  fill;  at  80  cents  a  yard _ $596,700 

78,155  cubic  yards  dry-laid  rubble,  at  $2  a  yard 156, 310 

7.865  feet,  or  117,975  pounds,  I  beams,  at  7  cents  a  pound 8, 258 

140, 680  square  feet  quarter-inch  plates,  or  1,434,936  pounds,  at  7  cents 

a  pound 100,445 
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Excavation,  58,667  cnbic  yards  cemented  gravel,  at  $1  a  yard $58,667 

Excavation,  125,000  cubic  yards  sand,  at  20  cents  a  yard _ . .  25, 000 

5,210  cubic  yards  of  concrete,  under  steel  apron,  at  $10  a  yard 52, 100 

18,792  cubic  yards  of  concrete  in  toe  wall,  at  $10  a  yard 187, 920 

Diversion  of  river _ _ . .  10, 000 

Outlet,  gates,  tower,  etc 20, 000 

Concrete  core  wall  to  be  carried  into  east  abutment 180, 000 

Engineering  and  contingencies,  15  per  cent 209, 331 

Right  of  way 20,000 

1,624,731 
Cost  i)er  acre-foot  capacity,  $8.74. 

WATER   STORAGE  OX  SAIjT  RIVER. 

CHARACTER  OF  DRAINAGE  BASIN. 

Salt  River,  though  nominally  a  tributary  of  the  Gila,  really  brings 
far  more  water  to  their  junction  than  does  the  Gila.  Though  it  drains 
a  smaller  area,  its  basin  is  much  higher  and  cooler  and  receives  ao 
average  precipitation  far  beyond  that  of  the  Gila  Basin. 

The  drainage  basin  of  Salt  River  and  its  divisions  is  about  as 

follows: 

Area  of  drainage  Ixisiii  of  Salt  River. 

Square  miles. 

Salt  River  at  its  mouth 12,700 

Salt  River  at  Arizona  dam 12, 260 

Verde  River  near  its  month 6, 000 

Salt  River  above  month  of  Verde 6,260 

Salt  River  at  dam  site  below  Tonto  Creek 5, 756 

Salt  River  between  month  of  Verde  and  Tonto  dam  site 5(M 

The  elevation  at  the  mouth  is  about  1,000  feet,  while  some  of  the 
peaks  at  its  headwaters  exceed  10,000  feet  in  altitude,  the  highest, 
Thomas  Peak,  being  given  as  11,496  feet. 

Rather  peculiar  conditions  exist  in  Salt  River  Basin,  which  favor  a 
large  water  supply  relative  to  its  drainage  area.  In  a  previous  pub- 
lication the  writer  has  described  these  conditions,  as  follows:^ 

The  sonthem  portion  of  the  Territory  may  be  again  snbdivided  into  two  portions, 
that  draining  directly  into  the  Colorado  and  lying  to  the  westwar<l  of  Prescott. 
and  the  greater  portion  to  the  sonth  and  east,  which  forms  the  great  Gila  River 
system.  The  Colorado  platean  is  partly  of  igneons  origin,  and  a  great  portion  of 
it  is  somewhat  pervions  to  water.  Its  northern  slope  for  a  considerable  distance 
from  the  sxmimit  is  very  gentle,  and  thongh  the  precipitation  is  grreater  than  in 
most  i)ortions  of  the  Territory,  it  is  very  meagerly  marked  by  drainage  lines  and 
almost  destitnte  of  water.  Sharply  contrasted  with  these  facts  are  the  conditions 
on  the  sonthem  slope.  Here,  through  most  of  its  course,  the  plateau  drops  off  with 
a  very  steep  slope,  which  is  deeply  cut  with  drainage  lines  in  which  are  living 
creeks  and  rivulets  of  clear,  beautiful  water,  such  as  San  Francisco  River,  Black 
Creek,  Bonito  Creek,  White  River,  Carrizo  Creek,  Cibicu  Creek,  Box  Creek,  Chenr 
Creek,  Tonto  Creek,  Wild  Rye  Creek,  East  Verde  River,  Pine  Creek,  Fossil  Creek, 
Clear  Creek,  Beaver  Creek,  etc. 

« Irrigation  near  Phoenix,  Ariz.:  Water-Supply  and  Irrigation  Paper,  U.  S.  Geol.  Survey,  No. 
2,  p.  15. 
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The  region  of  high  altitude,  as  before  remarked,  lies  largely  north  of  the  divide, 
while  the  great  bulk  of  the  water  flowing  from  the  plateau,  as  proved  both  by 
erosion  of  drainage  lines  and  by  the  volume  of  t)ermanent  streams,  flows  away  to 
the  south.  The  explanation  of  this  is  'p&Ttly  the  porosity  of  the  strata  composing 
the  plateau,  which  allows  the  water  to  sink  instead  of  flowing  off  the  surface. 
Once  undergroimd,  its  egress  to  the  south  is  favored  by  the  shorter  distance 
which  it  must  percolate  on  a  given  grade  before  reaching  a  surface,  due  to  the 
more  abrupt  slope. 

Another  partial  explanation  is  found  in  the  meteorological  condition.  The  ui<  >is- 
tore  of  this  region  is  brought  from  the  Pacific  Ocean  and  the  Gulf  of  California 
by  the  prevailing  southwest  wind.  As  this  wind  ascends  the  elevations  toward 
the  Colorado  Plateau  its  tempefature  is  lowered,  which  reduces  its  capacity  for 
holding  moisture  and  increases  its  relative  humidity.  When  this  quantity  reaches 
100  per  cent  in  any  x)art,  precipitation  occurs.  This  influence  continues  until  the 
wind  passes  the  smnmit,  where  the  process  is  reversed. 

As  might  be  expected,  therefore,  the  hydrographic  resources  of  the  country 
immediately  southwest  of  the  Colorado  Plateau  are  disproportionately  gi-eat  when 
compared  with  those  to  the  northward.  For  instance,  the  precipitation  at  Fort 
Apache,  as  shown  by  a  mean  of  twenty  years'  observations,  is  19.7')  inches,  the 
elevation  being  5,050  feet,  while  the  precipitation  at  Holbrook,  at  an  elevation  of 
0.047  feet,  on  the  northern  slope,  is  8.47  inches,  as  indicated  by  the  mean  of  ten 
years'  observations.  This  is  an  important  f ac t .  especially  when  taken  in  connection 
with  the  fact  that  the  great  areas  of  valley  land  with  a  semitropic  climate  lie  in 
the  southwestern  jKjrtion  of  the  Territory,  and  are  easily  covered  by  the  streams 
which  are  formed  by  the  conditions  above  described,  and  which  constitute  the 
main  features  of  the  great  Gila  River  system. 

The  topography  of  the  basin  of  Salt  River  proper  above  the  mouth 
of  the  Verde  is  nearly  all  of  a  rough,  mountainous  character.  Tlie 
chief  tributary  above  this  point  is  Tonto  Creek,  and  about  half  a  mile 
below  this  stream  Salt  River  enters  a  profound  canyon,  with  precip- 
itous sides  and  naiTOw  bottom,  in  which  is  located  the  proposed  dam 
site.  The  Salt  and  Tonto  both  occupy  comparatively  open  valleys 
above  this  gorge  and  have  a  moderate  fall.  The  coml)ine<l  effect  is 
one  of  the  most  capacious  reserv^oir  sites  in  the  West.  The  dam  might 
be  built  to  a  height  of  300  feet  or  more,  if  such  a  height  were  justified 
by  the  water  supply. 

WATER  SUPPLY. 

Tlie  only  available  rainfall  observations  in  the  basin  tributary  to 
the  proposed  reservoir  are  those  at  Payson  and  Camp  Apache.  The 
record  at  Payson  is  so  short  and  broken  that  it  is  of  no  real  value  in 
the  discussion  of  the  water  supply,  so  only  that  of  Camp  Apache 
remains.  Fortunately  this  station  is  located  near  the  center  of  the 
basin,  and  the  record  is  reliable  and  complete  from  1870  to  date — about 
twenty-six  years.  This  affords  excellent  means  of  obtaining  monthly 
and  annual  maxima,  minima,  and  means  at  this  point,  which,  so  far 
as  known,  may  be  assumed  to  represent  an  average  of  the  entire 
basin  as  nearly  as  any  one  point  that  might  be  selected. 


." 
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Precipitation  f  in  inches ^  at  Camp  Apache, 


Year. 


1876 

1877 

1878 

1879 

1880 

1881 

1882 

1883 

1884 

1885 

1886 

1887 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

1885 

1886 

1897 

1898 

1899 

1900 , 

1901 


Jan. 

Feb. 

Mar. 

Apr. 

Hay. 

Jtine. 

Jtdy. 

Ang. 

Sept. 

Oct. 
2.44 

0.92 

1.72 

2.02 

0.06 

0.26 

1.02 

6.20 

2.62 

2.00 

.36 

.94 

.72 

.96 

1.15 

.00 

8.11 

1.20 

.99 

.81 

.18 

1.85 

2.41 

1.77 

.18 

.79 

8.76 

9.88 

.76 

.00 

1.89 

1.17 

.06 

.12 

.00 

.05 

3.92 

8.06 

1.62 

2.64 

1.31 

.95 

.80 

.46 

.00 

.46 

5.88 

1.44 

.55 

.66 

.20 

1.17 

2.45 

1.68 

.35 

T. 

6.63 

8.81 

6.41 

4.68 

2.82 

2.85 

1.00 

.91 

.94 

8.27 

4.79 

7.36 

1.02 

T. 

.85 

2.46 

2.03 

.22 

.86 

.02 

6.46 

4.26 

.60 

1.80 

.68 

8.43 

4.44 

1.67 

1.81 

2.86 

.14 

5.50 

1.60 

2.02 

.52 

1.00 

2.05 

.52 

1.12 

.82 

2.60 

8.16 

.44 

.38 

8.90 

2.73 

1.06 

.91 

.00 

.19 

1.90 

4.75 

3.16 

1.66 

.50 

2.16 

.04 

.81 

.15 

1.70 

8.20 

8.92 

2.28 

.65 

1.42 

1.83 

2.92 

.71 

.71 

T. 

824 

[1.001 

.82 

1.28 

2.24 

.88 

^.K> 

.47 

.00 

.11 

2.67 

2.87 

1.02 

.46 

2.26 

2.40 

.82 

1.89 

.00 

.00 

6.00 

4.44 

2.87 

2.17 

1.66 

4.10 

.85 

T. 

.36 

T. 

2.72 

1.22 

1.81 

.00 

.65 

2.29 

2.22 

1.86 

.36 

.16 

1.88 

1  80 

1.28 

.66 

.28 

1.10 

2.45 

.00 

2.18 

.00 

2.57 

3.43 

2.65 

.04 

1.24 

.96 

1.86 

.19 

.79 

.00 

1.27 

5.01 

1.82 

2.47 

1.89 

.72 

.02 

T. 

1.00 

.01 

.74 

5.44 

1.68 

8.02 

.16 

.83 

.86 

.84 

.00 

.62 

4.31 

4.30 

1.84 

2.42 

2.28 

1.40 

1.79 

.24 

.34 

.37 

1.20 

2.07 

8.41 

1.80 

2.76 

1.60 

1.08 

.50 

2.70 

2.00 

4.33 

8.60 

.12 

.00 

1.88 

1.04 

.17 

.45 

.00 

1.90 

4.55 

.96 

1.62 

.82 

.80 

.29 

1.15 

1.75 

.10 

.00 

.82 

1.81 

2.79 

.77 

2.87 

2.60 

1.20 

.20 

1.15 

.00 

8.88 

1.45 

.45 

1.22 

Nov. 


1.84 
.10 

1.94 

1.77 
.06 
.85 

2.84 
.02 
.82 

L56 
.66 

1.88 

2.68 
.65 

2.85 
.00 
.67 
.28 
.00 

2.89 
.77 
.00 
.57 
,71 

4.86 
.65 


Dec. 


0.22 

2.07 

1.14 

2.41 

2.38 

.54 

.23 

3.48 

5.52 

1.41 

.24 

.57 

2.88 

3.98 

3.02 

.65 

.69 

.10 

2.81 

1.12 

.68 

.57 

.80 

1.60 

T. 

1.80 


An- 
nual. 


19.74 
12.50 
«.61 
18.58 
14.77 
31.12 
27.® 
21.65 
29.47 
15.  .58 
21.06 
17. H 
18.f«9 
17.10 
26,72 
13.36 
12.70 
15.  (W 
17.45! 
18.08 
18.09 
14.92 
20.56 
15.05 
14.14 
16.97 


Measurements  of  the  flow  near  the  dam  site  below  Tonto  Creek 
were  begun  in  February,  1901,  and  are  still  continued.  Besides  these 
there  are  records  of  flow  of  Salt  River  above  the  mouth  of  the  Verde 
from  April,  1897,  to  November  30,  1899,  and  of  Salt  River  below  the 
Verde  for  several  previous  years  and  for  1900.  The  measurements 
below  the  Verde  are  made  in  the  various  irrigation  canals.  When 
there  was  a  surplus  of  water,  there  was  no  necessity  for  accurate 
measurements,  and  at  such  times  the  results  are  only  approximate. 
They  are,  however,  for  a  considerable  period  the  only  available  rec- 
ords, and  are  considered  sufficiently  accurate  to  justify  their  use. 
To  render  available  the  latter  records  in  estimating  the  water  sup- 
ply to  the  proposed  reservoir,  it  is  necessary  to  determine  the  pro- 
portion of  water  received  from  the  Verde  and  Salt.  For  this  purpose 
the  records  are  taken  where  these  two  streams  were  separately 
observed,  and  the  ratio  of  each  stream  to  their  sum  is  computed  month 
by  month,  with  results  as  given  below : 

Proportion  of  total  flow  of  Salt  and  Verde  rivers  discharged  by  Salt  River. 


Month. 

1897. 

1898. 

1899. 

1901. 

Mean. 

January .  . 

Per  cent. 

Per  cent. 
0.587 
.555 
.531 
.720 
.719 
.647 
.578 
.508 
.516 
.494 
.522 
.504 

Per  cent, 
0.620 
.641 
.660 
.740 
.862 
.690 
.664 
.619 
.409 
.828 
.401 

Percent. 
0.615 
.680 
.681 
.866 
.886 
.728 
.667 
.425 
.657 

0.674 

Febmary 

.545 

March - 

.607 

April 

.772 

May - 

0.818 
.720 
.575 
.495 
.419 
.654 
.623 
.515 

.WH 

June 

.872 

July 

.570 

Angnflt r                                                                             r 

Mi) 

Rentemlx^r - ,.,. 

.515 

October. - 

.4« 

November r  -        ,  ^ - 

.die 

T)ARATn>W«P                                          .  _    .    

1 

iORSE  OF   SALT   R 


IMG   UPSTREAM. 


DATIB.] 


WATER   SUPPLY. 
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The  values  thus  obtained  cover  the  periods  from  August  1,  1888, 
to  December  31,  1894,  and  from  December  1,  1899,  to  December  31, 
1900.  Observations  of  the  discharge  of  Salt  River  above  the  Verde 
were  taken  direct  from  February  4, 1895,  to  July  31, 1896.  During  this 
period  direct  observations  were  made  by  the  Hudson  Reservoir  Com- 
pany, and  from  April  20,  1897,  to  November  30,  1899,  by  the  Geolog- 
ical Survey.  The  discharge  from  February  27  to  Deceml)er  31,  1901, 
was  observed  at  the  reservoir  site  and  requires  no  reduction. 

The  storage  of  flood  waters  on  Salt  River  will  not  only  utilize  such 
waters  by  holding  them  until  needed,  but  will  greatly  increase  the 
utility  of  the  floods  of  the  Verde  River  by  providing  a  much  larger 
irrigated  area  to  receive  such  floods,  and  at  the  same  time  holding 
back  the  waters  of  the  Salt  as  long  as  the  Verde  is  able  to  fill  the 
n^quirements.  An  examination  of  the  records  shows  that  w^ith  such 
manipulation  the  Verde  will  usually  supply  all  requirements  during 
the  four  months  of  December,  January,  February,  and  March,  and 
that  a  very  large  proportion  of  the  flood  waters  of  the  Verde  which 
r.ow  run  to  waste  would  be  thus  utilized. 

The  reconl  since  1888  is  taken  in  connection  with  the  proi)08ed  res- 
ervoir and  660,000  acre-feet  annual  consumption,  and  from  this  a 
table  has  been  constructed,  showing  what  would  take  place  if  the 
pant  experience  should  be  repeated  after  the  construction  of  the 
reservoir. 


1M1 


Pio.  2.--Flnctiuitioiia  of  Salt  River  reeervolr,  operated  in  connection  with  Verde  River,  nnder 
»  QQty  of  680,000  acre-f eet  per  annum. 

Tile  drainage  area  between  the  reservoir  and  the  mouth  of  the  Verde 
^8  nearly  10  per  cent  of  the  whole  area  above  the  Verde,  and  there- 
tore  to  reduce  the  discharge  of  the  Salt  to  that  intercepted  at  the 
reservoir,  the  discharge  at  the  mouth  of  the  Verde  was  reduced  by 
about  10  per  cent,  this  percentage  being  slightly  modified  according 
^  the  season.     From  these  dat^i  and  computations  the  tables  of  dis- 
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charges  for  the  Verdo,  at  McDowell,  and  Salt  River  at  the  reservoir 
site,  were  obtained.  In  reducing  the  discharge  of  Arizona  dam  to  the 
required  amounts,  the  following  percentages  were  used: 


Estimated  monthly  discharge  at  McDowell  and  Salt  River  reservoir  sites,  in  per- 
centage of  total  at  Arizona  dam. 


Month. 


Verde   :  Salt  at 
at  Mc-    i-eservoir 
Dowell.       site. 


January  . 
February 

March 

April 

May 

June 

July 


0.42 

0.52 

.45 

.50 

.30 

.56 

.20 

.72 

.19 

.76 

.90 

.63 

.42 

.52 

Month. 


Verde 
at  Mc- 
Dowell. 


Salt  at 

reservoir 

site. 


Au^niBt 

September 
October  ... 
November. 
December . 

Mean  . 


0.46 
.46 
.44 
.45 
.43 


.54 


Estimated  monthly  discJiarge  of  Salt  River  at  reservoir  site. 

[Drainage  area,  5,756  square  milea.] 


Discharge  in  second-feet. 


Run-off. 


Month. 


Maximum.  Minimum. 


August 

September 

October 

November. 
December . 


1888.1 


154 

2,592 

19,570 


The  year 


Mean. 


Total  in 
acre-feet. 


Second- 
feet  per 
square 
mile. 


Depth 
in  inches. 


January . . . 
February. . 

March 

April 

May 

June 

July 

August 

Sept4?mber 
October  ... 
November. 
December . 


1889.  a 


The  year 


12,976 

1.970 

18,925 

4,002 

1,856 

387 

682 

347 

539 

310 

283 

11,417 


18,925 


866 
767 
1,995 
1,797 
473 
224 
174 
179 
179 
140 
239 
251 


174 


January . . . 
February  . 

March 

April 

May 

June 

July 

August 

September 
October  ... 
November 
December . 


1890.  a 


The  year 


8,190 

716 

71,644 

523 

9,648 

1,437 

1,495 

986 

1,040 

479 

423 

250 

45:3 

206 

3,538 

512 

1,695 

3:^ 

3,285 

3«1 

13,727 

345 

13,665 

500 

71,644 

20(J 

January . . 
February. 

March 

April 

May 

June 

July 

August . . . 


1891. rt 


8,906 

150,000 

4,968 

2,182 

2,243 

1,132 

502 

:i46 


551 
413 
753 
1,&')4 
l,4(n 
587 
312 
2:« 


161 

9,902 

.08 

.08 

161 

9,580 

.08 

.03 

146 

8,957 

.02 

.« 

379 

22.546 

.06 

.(rr 

3,014 

185,367 

.52 

.38 

236.351 

!  

.  .  . 

-- 

2,092 

190,185 

.54 

.(E 

1,303 

72,289 

.23 

.24 

4,897 

301,178 

.85 

.« 

2,862 

170,289 

.50 

.56 

790 

48,562 

.14 

.16 

296 

17,618 

.05 

.06 

257 

16,871 

.04 

.06 

192 

11,797 

.08 

M 

240 

14,280 

.04 

.(H 

194 

11,906 

.06 

.08 

259 

15,422 

.04 

.04 

2.561 

157,880 

.44 

.51 

1,420 

1,026,787 

.24 

3.  as 

2.591 

159,324 

.45 

.K 

5,049 

280,192 

.88 

.« 

3,586 

221,139 

.62 

.71 

1,325 

78,826 

.28 

.« 

695 

42,720 

.12 

.IS 

322 

19,155 

.06 

.07 

272 

16,758 

.06 

.06 

1,787 

109,906 

.31 

.» 

1,076 

64,018 

.20 

.a 

1,218 

70.502 

.21 

.S4 

2,123 

126,297 

.37 

.41 

2,817 

173,218 

.49 

..¥' 

1,906 

1,382,056 

.33 

4.4« 

1,777 

109,254 

.31 

.36 

19,408 

1,077,834 

8.37 

3. 47 

2,768 

170,204 

.48 

.55 

1,922 

114,890 

.33 

•5 

1,834 

112,781 

.32 

.87 

842 

50,063 

.15 

.17 

388 

23,884 

.07 

.(^ 

261 

16,086 

.04 

.06 

a  Obtained  by  taking  proportiftnal  part  of  tho  di.s<;hargo  of  Salt  River  at  Arizona  dam. 
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DAVIS.] 


WATER   SUPPLY. 


27 


Estimated  montlUy  discharge  of  Salt  Hirer  at  reHertHtir  site — Continued. 


Montli. 


Diacbarge  in  second-feet. 


MftTiTntini. .  Mlnimiim .     Mean 


September 
(X'tober . , . 
November 
December. 


1891.a 


The  year 


January . . . 
Febroary  6 

March  6.... 

April* 

Mayfe 

June*  

July 

Angust 

September 
October  ... 
November- 
December. 


1D9S. 


The  year 


Jannary  . . 
February . . 

3larch 

ADril 

May 

Jane 

July 

Augruj«t 

September 
fvtober  . . . 
November. 
December . 


1898. 


The  year 


January . . . 
February  . 

March 

April 

May 

June 

July 

Auffust 

September 
October . . . 
November 
December . 


1804. 


The  year 


I  Run-off. 

Total  in   !  Second- 
acre-feet.  [  feet  per  ,  Depth  in 
I  sqoare  ,  inches, 
mile. 


Januarys  ... 
February  o . . 

March  <• 

Aprilc 

Maye 

June<" 

Julyd 

AUfaLHt«< 

September'/. 

0<'tober'' 

November^. 
December  d.. 


1805. 


46.806 

3,697 

3,173 

2,704 

940 

475 

35.3 

1,0622 

499 

7,194 

3,904 

905 


The  year 


46,800 


744 
368 
1,253 
961 
480 
198 
130 
209 
166 
279 
309 
430 


lar) 


5,390 

1,373 

1,738 

1,711 

87:^ 

309 

160 

440 

242 

857 

764 

mi 


1,188 


22,600 
13,988 
13,710 
14,151 


.07 
.04 
.04 
.05 


.06 
.05 
.04 
.06 


l,rd8,770 


21,614 
12,274 
14,118 
18,765 
22,4S1 

6,523 
11,606 
11.427 

9,361 
12,066 
13,738 
14,578 

168,499 


44 


.06 
.04 
.04 
.05 
.06 
.02 
.03 
.(« 
.03 
.03 
.04 
.04 


5.65 


.07 
.04 
.04 
.06 
.07 

.oe 

.08 
.08 
.08 
.08 
.04 
.05 


,04 


17,585 
41,459 
475.5SSS 
fJ2,079 
37,010 
8,509 

17,  i:* 

46,301 
30.218 
20,345 
15,a52 
17,404 


.89,423 


.05 
.13 
1.34 
.18 
.14 
.02 
.05 
.13 
.09 
.U) 
.04 
.05 


I 


18 


.51 


.06 
.13 
1.54 
.20 
.16 
.02 
.06 
.15 
.10 
.06 
.04 
.06 

2.58 


18,009 
15,995 
46,761 
36,673 
16,636 
9,897 
9,081 
25, 34;^ 
16.642 
13,094 
12,290 
24, 4:^ 


24r>,45:^ 


.06 

.06 

.05 

.05 

.13 

.15 

.10 

.11 

.05 

.06 

.03 

.08 

.02 

.02 

.07 

.08 

.05 

.06 

.04 

.05 

.03 

.«J 

.07 

.08 

.06 


78 


:«1,358 

.m 

1.07 

76,25» 

.24 

.25 

106,838 

.:*> 

.35 

106. 144 

.:iO 

.33 

41,;«(J 

.12 

.14 

18,:«'2 

.05 

.06 

9.816 

AXi 

.m 

27,168 

.08 

.09 

14. 42^) 

.(U 

.04 

52,675 

.15 

.17 

45,4(i7 

.13 

.15 

37.104 

.10 

.12 

8&5,962 

.20 

2.80 

o  Obtained  by  taking  proportional  iwrt  of  the  discharge  of  Suit  River  at  Arizona  dam. 

b  Approximate;  fllled  in  from  xninimnm  discharge  recorded  in  same  months  for  IWO. 

'•Results  obtained  by  takins  from  the  published  discharge  of  Salt  River  at  McDowell 
(Eighteenth  Ann.  Rent.,  Pt.  I v,  p.  298)  that  percentage  of  the  whole  that  represents  the  dis- 
charge of  the  Salt  between  the  mouth  of  the  Verde  and  the  reservoir  site. 

<< Results  obtained  by  taking  proportional  imrt  of  the  discharge  of  Salt  River  at  Arizona  dam. 
Mr.  Trott's  figures  used  in  computation. 
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Estimated  monthly  discharge  of  Salt  River  at  reservoir  site — Continned. 


Month. 


January . . . 
February.. 

March 

April 

May 

June 

July 

August 

September 
October . . . 
November 
December . 


1896.a 


The  year 


January  a  ... 
February" .. 

Marchci 

April 

Mayfc 

Juneb 

Julyfe 

August  i> 

September  &. 

October  b 

November  ft . 
December  b  . 


18»7. 


The  year 


January . . . 
February.. 

March 

April 

May 

June 

July 

August 

September 
October  . . . 
November. 
December. 


1898.  f- 


The  year 


January 

February... 

March 

April 

May 

Jime 

July 

August 

September . 

0<^tober 

November.. 
December  rf. 


1899.  <- 


The  year 


January . . 
February. 

March 

April 

May 


1900.^ 


Discharge  in  second-feet. 

Totalin 

Run-off. 

Seoond- 

Maximum. 

MiTitmHTn 

Mean. 

acre-feet. 

feetper 
square 

Depth  in 
inches. 

547 

416 

447 

mile. 

27,497 

.08 

.08 

1              479 

380 

396 

22,572 

.07 

.07 

1           1,709 

428 

844 

51,025 

.15 

.17 

1,487 

686 

941 

65,966 

.16 

.18 

1          »6e 

852 

465 

29,861 

.08 

.09 

i              292 

160 

204 

12,245 

.08 

.08 

5,528 

111 

7T9 

47,928 

.18 

.15 

4,997 

266 

797 

48,017 

.14 

.16 

4,280 

241 

584 

81,762 

.09 

.10 

565 

266 

896 

24,484 

.07 

.06 

672 

800 

443 

26,875 

.08 

.08 

400 

286 

817 

19,479 

.06 

.05 

5,628 

111 

548 

890,121 

.08 

1.26 

19,422 

812 

2,647 

162,777 

.46 

.63 

2,494 

543 

970 

53.8ri 

.17 

.18 

5,782 

1,018 

2.100 

182,806 

.88 

.44 

9,743 

1,186 

4,281 

254,787 

.74 

.83 

1,910 

608 

1,114 

S:IS 

.19 

.22 

501 

180 

868 

.06 

.07 

285 

78 

175 

10,173 

.06 

.08 

755 

157 

410 

25,176 

.07 

.08 

1.269 

338 

678 

40,049 

.11 

.12 

1,010 

228 

549 

88,755 

.00 

.10 

290 

257 

278 

16,225 

.05 

.OS 

282 

251 

270 

16,800 

.05 

.08 

19,422 

78 

1,157 

885,977 

.20 

2.72 

1,077 

240 

388 

20,806 

.06 

.or 

!              743 

478 

587 

82,5U 

.10 

.10 

1              858 

609 

688 

42,261 

.12 

.14 

1,098 

496 

767 

45,000 

.18 

.14 

704 

261 

448 

27,618 

.06 

.08 

351 

182 

287 

14,112 

.04 

.04 

800 

166 

408 

25,065 

.07 

.08 

1,211 

180 

385 

23,668 

.08 

.07 

868 

106 

888 

20,186 

.06 

.(n 

180 

106 

166 

9,638 

.OB 

.08 

232 

182 

202 

12,041 

.08 

.08 

402 

232 

300 

18,401 

.05 

.05 

1,211 

106 

404 

291,064 

.07 

.92 

762 

249 

866 

21,906 

.06 

.07 

461 

832 

886 

21,421 

.06 

.06 

617 

404 

480 

29,490 

.06 

.(» 

575 

487 

686 

82,025 

.09 

.10 

475 

204 

808 

18,926 

.06 

.06 

498 

161 

204 

12,119 

.08 

.08 

1,410 

155 

444 

27,282 

.06 

.08 

8,825 

166 

671 

41,240 

.11 

.13 

1,228 

165 

296 

17,675 

.06 

.06 

738 

158 

253 

15,548 

.04 

.05 

215 

157 

208 

12,040 

.08 

.08 

2U8 

142 

195 

12,009 

.08 

.08 

3,325 

142 

361 

261,080 

.06 

.80 

242 

222 

284 

14,888 

.04 

.05 

234 

204 

221 

12,274 

.04 

.04 

268 

206 

280 

14,118 

.04 

.(B 

450 

268 

315 

18,766 

.06 

.06 

760 

185 

865 

22,481 

.06 

.o: 

a  Mr.  Trotts^s  figures  used  In  these  computations.  Results  obtained  by  taking  proportional 
parts  of  the  discharge  of  Salt  River  at  Arizona  dam. 

b  Results  obtained  by  taking  from  the  discharge  registered  at  McDowell  that  percentage  which 
represents  the  discharge  of  tne  river  between  McDowell  and  the  reservoir  site. 

c  Results  obtained  by  taking  from  the  discharge  registered  at  McDowell  that  part  of  i>ercent- 
age  that  representn  the  discharge  of  the  river  between  McDowell  and  reaervoir  mte. 

rfTrott'H  figures. 

«  Computations  mcade  from  Mr.  F.  P.  Trott's  figures. 
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Estimated  monthly  discharge  of  Salt  River  at  reservoir  site — Continiied. 


Month. 


June 

July 

Aagiut 

September 
October  . . » 
Noyember. 
Decembeir. 


1900.<i 


The  year 


JannaryA 

February  b . . 

March* 

Aprilft 

Mayfr 

June* 

Julyft 

August^ 

September  ft. 
October*.... 
November  * . 
Deccanbeo:*.. 


IWl. 


The  year 


January.. 
February. 


i»e. 


Discharge  in  seoond-fect. 

Total  in 

Bnn-off. 

Second-  1 

Maximum. 

Minimnm. 

Mean. 

acre-feet. 

feet  per   Depth  in 
square      inches, 
mile. 

157 

76 

110 

6,523 

.02 

.02 

ISO 

45 

6i 

8,983 

.01                 .01 

621 

68 

142 

8,ni 

.02                .02 

280 

88 

116 

6,808 

.02                .02 

350 

95 

161 

9,902 

.06                .06 

2,222 

146 

387 

23,065 

.06                .07 

245 

184 

202 

12,306 
153,304 

.06                .06 

2,222 

45 

212 

.035  1             .47 

l,rd6 

201 

454 

27,045 

.08                .00 

4,172 

928 

2.414 

134,047 

.42    ,             .44 

3,4<» 

740 

1.428 

87,472 

.25    '             .20 

l.MB 

620 

1,060 

6aS.442 

.18    ,             .20 

1,267 

462 

rd5 

45,20e) 

.13                .15 

»18 

147 

288 

17,282 

.05                .06 

3,556 

71 

346 

21,206 

.06    ,             .07 

2,221 

207 

520 

33.504 

.00    '             .10 

670 

123 

300 

17,007 

.06    1             .08 

215 

117 

152 

0,384 

.08    '             .08 

215 

183 

180 

10,620 

.08    1             .08 

195 

183 

100 

11,663 
477,704 

JXi                .06 

4,172 

n 

672 

.11    1           1.55 

238 

170 

186 

11,423 

t 
.06    ,            .06 

220 

184 

194 

10,862 

.06    '             .08 

1 

«  Cknnputations  made  from  Mr.  F.  P.  Trott's  ficruree. 

*  Computations  made  from  observations  by  United  States  Geological  Survey. 

History  of  Salt  River  Reservoir,  operated  from  1SS9  to  190 1^  in  connection  with  the 
unregulated  Verde  River,  with  annual  use  of  660,000  acre-feet. 

[Capacity  of  reservoir,  840,745  acre-feet.    Annual  use,  660,000  acre-feet.] 


Month. 


1880. 

January  

February . . . 

Mai*ch 

April 

May 

June 

July 

August 

September. . 

October 

November . . 
December  .. 

1800. 

January 

February . . . 

March 

April- 

May 

June , 

July 

August 

September. 

October 

November . . 
December  . 


Water 
re- 
.  quired 
fl'Siforirrl- 
g  g  gation 
and 
other 
use. 


u 
I? 


6 


Pnr  ^® 


I  I  Area 

Depth  I     ex- 
'     '^*       posed 
to 

ora- 
tion. 


Loss 

Total 

by 

evapo- 

evap- 

ration 

ora- 

and 

tion. 

use. 

1 

Inflow. 


Acre-ft. 
39,600 


7 

46,200 

S 

52,800 

0 

50,400 

11 

73,8a) 

11 

72,600 

10 

66,000 

10 

66,000 

9 

50,400 

7 

46,200 

6 

80,600 

6 

80,600 

6 

30,600 

7 

46,200 

8 

52.800 

0 

50,400 

11 

72,600 

11 

72,600 

10 

06,000 

10 

66,000 

9 

.50,400 

7 

46,200 

6 

30.600 

6 

30,600 

Acre-ft.  Acre-ft}  Feet. 
158,611  0  I    0.25 


65,060 

200,747 

47,302 

12,141 

8,300 

12,819 

12,556 

14,880 

13,530 

17,136 

174,846 


128,685 

262,172 

158,067 

21,806 

10,680 

0,121 

13,586 

117,074 

66,802 

80,116 

140,331 

102,464 


0 
0 
12,098 
60,450 
64,210 
53,181 
53,444 
44,520 
32,670 
22,464 
0 


0 

0 

0 

87,  .504 

61,020 

63,479 

52,465 

0 

0 

0 

0 

0 


.34 
.50 
.58 
.83 
.92 
.00 
.08 
.83 
.50 
.42 
.83 


.25 
.34 
.60 
.58 
.83 
.92 
1.00 
1.08 
.83 
.50 
.42 
.33 


Acre  ft. 

6,874 

8,676 
10,895 
12,361 
13,308 
12,050 
12,408 
11,821 
11.231 
10,706 
10,506 
11,483 


13.233 
13,450 
18,450 
13,456 
13,362 
12,935 
12,408 
12,650 
13,404 
13,450 
13,450 
13,460 


Acre-ft. 

1,718 

2,960 

5,448 

7,160 

11,120 

11,014 

12,408 

12,767 

0,332 

5,308 

4,450 

3,773 


3,308 

4,. 576 

6,729 

7,806 

10,190 

11,900 

12,408 

13,671 

11,125 

6,729 

5,652 

4,440 


Acre-ft. 

1,718 

2,950 
5,448 
19,267 
75,33t) 
76,124 
65,584 
66.210 
53,841 
38,068 
26,914 
3,773 


4,576 

6,729 

45,310 

72,110 

75,379 

64,873 

18,671 

11,125 

6.729 

5,662 

4,440 


Balance 
in  reser- 
voir. 


Over- 
flow. 


Acre-ft. 

190.  ia5 

72,280 

301,178 

170,289 

48,562 

17,618 

15,871 

11,797 

14,260 

11,906 

15,422 

157,360 

'  159,824 

I  280,192 

221,139 

'    78,826 

1    42,72f> 

19, 155 

16,758 

109, 9Wi 

64,018 

70,502 

126,297 

173,218 


63,813 


Acre-ft.  Acre-ft. 

I2(X),000  i 

t3»;,467  ' 

457,806 

753,536 

WO,  745 

813,977 

755,471 

706,758 

051,345 

011,764 

585,602 

574,110 

727,807 


840,745 
840,745 
840,746 
840,745 
811,365 
755.131 
707,016 
803,251 
840,745 
840,745 
840,745 
840,745 


42,968 
275,616 
214,410 

33,516 


15,399 
63,773 

130.646 
168,778 
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History  of  Salt  River  Reserroir,  operated  from  18S9  to  190 J,  etc. — CJontinued. 


a 

eS 


Monti  I. 


1891. 
January  ... 
February  . 

March 

April 

May 

June 

July 

Augrust 

September 

October 

November. 
December  . 

1892. 
January  ... 
February . . 

March 

April 

May 

June 

July 

August 

September. 

October 

November . 
December  . 

1893. 
January  ... 
February . . 

March 

April 

May 

June 

July 

August 

September. 

Octoljer 

November . 
December  . 

1894. 
January  ... 
February . . 

March 

April 

May 

Juno 

July 

August  — 
September. 

October 

November . 
December  . 


6 

i 

8 
9 
11 
11 
10 
10 
9 

6 
6 


6 

^» 
I 

8 

0 

11 

11 

10 

10 

9 


1895. 
January  .. 
FeV>ruary . 

March 

Ajjril 

May 

June 

July 

August 

Sejjtembj.M* 
October... 
November 
December 

1896. 
January  .. 
February . 
Man-h H 


6 


0 

8 

9 

11 

11 

10 

10 

9 

t 

6 
6 


6 

7 

8 

9 

11 

11 

10 

10 

9 

7 

0 

(i 


0 

7 

8 

9 

11 

11 

10 

10 

» 

( 

6 


0 


Water 

re- 
quired 
for  irri- 
gation 

and 
other 

use. 


April 
May.. 
June  . 
July.. 


9 
11 
11 
10 


Acre-ft. 

4e,aoo 

■»2.800 

59,4a) 

72,«00 
72,(J00 
fi6.0U0 

m,m) 
59, 4ai 

4«,:«0 

:«.(5oo 

H9,0UO 


:19,0(MJ 

46,  ai) 

52,  Ha) 
59.40) 
72,(i00 
72, coo 

«B.ai) 
(i6.oa) 
59,4a) 
4«,2a) 
»).(5a) 

39,600 


39,a)0 
46.200 
52,800 
59. 400 
72,600 
72,(«)0 
66,000 

66,  ai) 

59,4a) 
46,2IN) 

;«,6a) 

39,600 


39,600 
46,200 

52,800 
59,4a) 
72.(«ll 
72,W)0 
66,0a> 

mjm 

59, 400 
46.2^10 
39,6(X) 
39,6a) 


;«,aio 

46,201) 
52.80) 
59,400 
72,0)0 
72,0)0 
♦16,0)0 
(W.OOO 
5J),40) 
46,20) 
:«,60) 
39,600 


39,600 
46,20) 

52,800 
59, 400 
72,0)0 
72.600 
66,000 


Fur- 
nished 

by 
Verde. 


Acre-ft. 
88,244 
970,061 
118.535 
31,775 
28.190 
23,849 
19,291 
17,113 
23,478 
15,833 
15,2:e 
20,168 


17,458 
11,746 
7,087 
4,0)4 
5,«i5 
3,588 

9,:^4 

12, 172 
9,768 
13,712 
15, 26:^ 
17,309 


14,a(H 

25,5(je 

331,168 

17,244 

9,252 

4,1X52 

13,842 

49,321 

31,632 

23,120 

17,613 

19,388 


15,090 

14,395 

32,5(J5 

10,187 

4,169 

4,713 

7,334 

26.966 

17,:*V) 

14.880 

13,66(i 

27,147 


248,225 
9:^,  747 

228,734 
30.591 
15,864 
9,lfH 
8.916 
22,074 
10,473 
20.a30 
27,660 
24,042 


25,382 
:i2,577 
40, 798 
21,776 
9,4:it) 
7, 13:i 
44,241 


Re- 
quired 
from 
reser- 
voir. 


.4crt-/Y 

0 

0 

0 

27.625 

44,410 

48,751 

46,709 

48,887 

a5,9BJ2 

30,367 

24,367 

19.432 


22,142 
:M.4o4 
45,713 
54.796 
66,665 
69,012 
56,636 
5:^,828 
49.6:C 
:i2,488 
24,:«7 
23,291 


26,396 
20,698 
0 
42,156 
6:^,348 
68,548 
52,158 
16,679 
27,868 
23,080 
21,987 
20,212 


24,570 
31,805 
20,235 
49,213 
68,441 
67.887 
68,666 
39,034 
42,085 
31,320 
25,944 
12,463 


0 
0 
0 
28,809 
66,736 
(53,496 
57,084 
4:3.926 
48,927 
25,570 
12.050 
16.558 


14,218 
23,623 
12,002 
37,624 
m,  170 
65,467 
21,759 


Depth 

of 
evap- 
ora- 
tion. 


Ft-et. 

.•a 

.50 
.58 
.83 
.92 
1.00 
1.08 
.83 
.50 
.42 
.:« 


.25 
.34 
.50 

..'>8 

.92 
1.00 
1.08 
.8:3 
.50 
.42 
.33 


.25 

.M 
.50 
.58 
.83 
.92 
l.O) 
1.08 
.«i 
.50 
.42 

.;« 


.26 

.:34 

.50 
.68 
.83 
.92 
1.00 
1.08 

.50 
.42 
.33 


.26 

.iH 
.50 

.58 

.m 

.92 
1.00 
l.OS 

.m 

.50 
.42 

.:« 


Area 

ex- 

Loss 

posed 

by 

to 

evai>- 

evap- 

ora- 

ora- 

tion. 

tion. 

1 

.31 
.50 

.58 

.m 

.92 
1.00 


Acre-ft. 
13,459 
13,459 
13.450 
13.459 
13.459 
13,459 
13,281 
12,814 
12,438 
12.138 
11,840 
11,744 


11,698 

11.525 

11,151 

10.684 

10, 183 

9,282 

8,618 

7,792 

7,098 

6,621 

6.300 

6,202 


6,061 
6,  i:« 
9,53:3 
12,:328 
12,223 
11.689 
10,835 
10.297 
12,168 
10,Oi6 
10,5*il 
10,464 


10,:347 

10.231 

10,251 

10.279 

9.80) 

9,040 

8,173 

7.510 

7,062 

6,855 

6.(501 

6.564 


9,089 
11,679 
12,611 
13,469 
13,392 
12,987 
12,417 
11,828 
11.617 
11,772 
12,607 
13.005 


13,235 
13.296 
13,459 
13, 459 
13.277 
12,719 
12,425 


Acre-ft 

3,365 

4,576 

6,730 

7,808 

11,170 

12,382 

13,231 

13,839 

10,323 

6,069 

4,973 

3,875 


2,925 
3,918 
5,575 
6,197 
8,452 
8,549 
8,518 
8,415 
5,891 
3,310 
2,646 
2,046 


1.515 

2,085 

4,767 

7,150 

10, 145 

10,662 

10,825 

11.120 

10,009 

6.:i33 

4,436 

3,453 


2,587 
3,480 
5,127 
6,162 
8,184 
8.^7 
8,17:3 
8,111 
5,863 
3.427 
2.772 
2,162 


2,30) 

3,937 

6,305 

7,806 

11,116 

11,948 

12,417 

12,774 

9,642 

6,886 

6,263 

4,292 


8.309 

4,520 

6,780 

7,806 

11,020 

11,701 

12,435 


Total 
evapo- 
ration 
and 
use. 


Acre-ft. 

3,365 

4,576 

6,730 

:i5.431 

.'S5,580 

61,133 

59.940 

62;  728 

46,245 

36,436 

29.340 

23,307 


25,067 
:38,372 
51,388 
60,992 
58,213 
77,561 
66,144 
62,243 
55,523 
35,798 
36.983 
24,337 


36,911 
22,783 
4,767 
49,306 
73,493 
79,210 
62.98:3 
27,800 
37,967 
28,413 
26,422 
23,665 


27, 157 
35,285 
25,:«2 
56,375 
76,625 
76,204 
66,8:« 
47,145 
47,888 
134,747 
28,716 
14,615 


2,360 
3,937 
6,30) 
36,615 
67.851 
75,444 
69.501 
56,700 
58,569 
31,456 
17,308 
19,850 


17,527 
28,143 
18,782 
45,4:30 
74,190 
77,168 
34,184 


Inflow. 


Balance 

inreeer 

voir. 


Over- 

floM'. 


Acre-ft. 

109,204 

1,077,834 

170.204 

114,380 

112,761 

50,083 

23,884 

16,066 

22,500 

13,98;i 

13,710 

14,151 


21,614 
12,274 
14,118 
18,765 
22,431 

6,523 
11.606 
11,427 

9,361 
12,068 
1:3,738 
14,578 


17,685 
41,450 
475.523 
62.079 
37,010 
8.509 
17,138 
46.301 
30,218 
20.345 
15,862 
17.404 


18,000 
15,995 
46,761 
:36,67:3 
16.636 
9,807 
9.061 
25,34:3 
16,642 
13,004 
12,200 
24,482 


353.606 
80,251 
112,461 
110,678 
43,533 
19,339 
12,543 
36.909 
10,577 
99.856 
81,878 
54,601 


28,900 
27,380 
72,863 
57,081 
27,424 
18,338 
30,202 


Acre-ft. 
840,745 
840,745 
840.745 
840,745 
840,745 
829,605 
708,630 
746,077 
719,232 
606,729 
681,090 
674.943 


en, 400 
645,302 
608,222 
565,006 
507,782 
436,744 
383,206 
332,210 
286,048 
262,316 
349,060 
230,310 


229,984 
248,60) 
719,416 
7:32,189 
685,706 
625,0^ 
579.160 
507,661 
589,912 
581.844 
571,274 
565,013 


656,465 
537,175 
558,574 
530.872 
470;  883 
413,579 
355,821 
334.019 
30B,773 
281,130 
364.604 
274,511 


624,750 
701.07:3 
807,229 
840,745 
816,427 
760,422 
703,464 
682,673 
64:^,681 
712,081 
776,656 
811,407 


822,780 
822.017 
840,745 
840.745 
793.979 
730,130 
735,247 


AcTi'-ft 

1(6.  X3» 

1.073,2* 

16:3,474 

78.1tVl 
57.1,1 


40.  Mi 


a5,:fi3 
ll.tSl 
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wtm!  water   supply. 
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This  table  allows  that  if  the  proposed  reservoir  wei-e  operated  in 
conjunction  with  the  natural  flow  of  the  Verde  River,  and  an  annual 
supply  of  660,000  acre-feet  were  desired,  this  could  have  been  fur- 
nished every  year  in  the  record  except  1900.  In  that  year  there  would 
have  been  a  shortage  of  about  16  per  cent.  It  is  believed  that  such  a 
shortage  is  permissible  in  a  storage  project  if  it  does  not  occur  oftener 
than  once  in  say  ten  years,  which  is  the  fact  in  the  present  case. 

The  duty  of  660,000  acre-feet  per  annum  is  that  of  the  combined 
Salt  and  Verde  rivers,  with  a  reservoir  on  Salt  River  operated  in  con- 
junction with  the  Verde,  the  waters  of  Salt  River  being  held  in  the 
reservoir  as  long  as  the  waters  of  the  Verde  are  sufficient  to  supply 
demands.  If  the  flood  waters  of  the  Verde  are  to  be  stored  and  used 
independent  of  Salt  River  they  will  not  be  available  for  this  use,  and 
the  manipulation  of  Salt  River  reservoir  will  be  radically  different. 
Under  these  conditions  the  draft  on  the  reservoir  becomes  const<ant 
the  3'ear  around;  the  requirement  for  storage  is  lessened,  and  the  irri- 
gation duty  of  Salt  River  alone  is  of  course  much  less.  Our  records 
indicate  that  a  duty  of  about  450,000  acre-feet  can  be  depended  upon 
by  using  the  rest  of  our  storage  capacity  for  reserve  storage. 

SALT  RIVER  RESERVOIR. 
BORINGS. 

Borings  were  made  to  bed  rock  at  31  points  in  the  canyon,  on  four 
different  lines.  The  first  trial  was  made  near  the  upp6r  end  of  the 
canyon  near  the  site  selected  by  the  Hudson  Reservoir  Compan}*. 
Five  holes  were  here  drilled  to  rock,  the  depth  in  two  of  them  being 
4:4  and  64.5  feet.  These  results  are  shown  in  fig.  3.  Another  site  was 
then  selected  about  1,600  feet  downstream,  and  conditions  were  so 
much  more  favorable  that  a  more  thorough  exploration  was  made, 
and  the  greatest  depth  being  less  than  half  that  found  al)ove,  the 
lower  site  was  decided  upon.  Fig.  4  shows  profiles  of  these  Iwrings. 
Following  is  a  complete  list  of  the  borings. 


Pto.  8.— Profile  of  borings  at  Hndson  Reuervoir  Oompany^s  dam  site. 
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Depth  of  borings 
No.     B«d  rock    Total 


2a.9ntT 

22.  ft 

2«.7 

31.7 

Sft  ft 

2ft  6 

28. • 

91  S 

2ft  0 

2S.0 

28  0 

81  8 

24.7 

24.7 

22.2 

28. 7 

20  0 

20.0 

^"''...^'. 


""^llid'fitaiidstehe 


Depth  of  boring8 
No.     Bed  rock  TottI 

29  OftWT 

21.0 

22.8 

22.0 

28. 0 

24.0 

29.8 

22.0 

24  8 


f     «      )      «      «     • 


■*•:%, 


Depth  of  borings 
No.     Bed  rock  Total 


28.8rUT 

23  S 
29  0 

31.0 
30.  S 
21  6  • 


10 


21  B 


"^^J***-^. 


''^■^'fl/dBA^iiUat*,^'^" 


Fig.  4.— Profiles  of  boringH  at  Salt  River  dam  site. 
Borings  at  Salt  River  dam  site. 


No. 

Bed 
roi'k. 

Feet. 
24.0 
2t<.U 
04.5 

44.0 
'£i.O 
ii.O  . 

Total 
depth. 

Fet't. 

:«.5 

74.0 
49.8 
30.0 

character  <»f  rcKk, 

1- 

•  < 

•  • 

6. 

/.,/n<»  .<4,  Hudaon  Reaervoir  Company  site. 


Rod  sandatom'. 

Sandstono. 

CVmrso,  soft   white   aaiid 

ston»'. 
Broken  quartzite. 

Do. 

Do. 

IRR  73— Ol>        3 
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1. 

2. 

4 

5, 
6. 

7 
8. 
». 


1. 

2 

3 

4 

5. 

ti- 

7. 

8- 

9. 


1 

2. 

4. 

;> 

6. 

7 

» 
10. 
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No.- 


Line  /?,  UtkJO/eet  belotr  lin^  A. 


Line  C.  W)feet  below  line  B. 


Line  D,  100  feet  below  line  C 


Bed 
rock. 


Feet, 
n.b 
26.7 
25.5 
25.8 
28.0 
25.0 
24.7 
22.2 
20,0 


22.0 
21.0 
22.5 
22.0 
23.0 
24.0 
23.8 
22.0 
24.6 


Total 
depth. 


Charactftr  of  rt»rk. 


23.5 


23.5 
25.0 
31.0 
30.3 
21.5 


21.5 


Feet, 
22.5 
31.7 
25.5 
31.3 
28.0 
31.3 
24.7 
26.7 
20.0 


22.0 
25.9 
27.0 
22.0 
33.4 
24.0 
38.0 
22.8 
27.0 


Red  sandstone. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Red  sandstone. 
!>:>. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


28.0  I  Black  alate. 


26.4  !  Black  slate. 
'  Do. 

34.5  I  Do. 
30.7  Do. 
24.2  Do. 

Do. 

23.0  Do. 


CAPACITY   OF  RESERVOIR. 


The  capacity  of  the  reservoir  was  deteraiined  by  a  i)lane-1able  sui 
vey  for  each  10-foot  contour  to  a  height  of  200  feet  above  tlie  bed  of  ili 
river  in  the  gorge.     These  capacities  are  given  in  the  following  tal»lt* 

Capacity  of  Salt  Rit'er  reservoir. 


HeiKht 
alx)Te 

low 
water. 


Feet. 

10 

20 

3f) 

40 

50 

GO 

70 

80 

90 

1()0 

110 

120 

l.'» 

140 

150 

160 

170 

180 

190 

200 


A  V*^M1 

Capacity 

aJTOu. 

of  section. 

Acres. 

Acre-feet. 

24 

120 

128 

7(«) 

224 

1,760 

401 

3,126 

mi 

5.475 

1,0K5 

8,895 

l,4,->8 

12,715 

2,103 

17.8(y> 

2,930 

25,165 

3,682 

3:3,060 

4,391 

40,365 

5,5:16 

49.635 

6,394 

59,650 

7,293 

68,435 

8,411 

78,520 

9,654 

90,:fr5 

10,769 

102, 165 

12,158 

114,0:fi 

13.459 

128,085 

14,617 

140.380 

Total 
capacity 


Acre-feet. 

120 

880 

2,640 

5.7a5 

11,240 

20.1% 

32.850 

60,655 

75.820 

108,880 

149.245 

198,880 

258,  .530 

326.965 

405,485 

495,860 

598,025 

712,660 

840.745 

981.125 
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It  will  be  noticed  that  for  a  dam  of  a  height  of  less  than  100  feet 
the  capacity  of  the  reservoir  formed  is  not  extraordinary,  but  above 
this  height  it  increases  more  rapidly,  and  at  a  height  of  200  feet  is 
nearly  a  million  acre-feet.  It  would  be  entirely  practicable  to  con- 
struct a  reservoir  of  several  times  this  capacity,  but  this  is  not  justi- 
fied by  the  conditions;  the  limit  to  the  economical  height  of  dam  is 
determined  by  the  supply  of  water  available  for  storage. 

PLANS  FOR  THE  DAM. 

The  gorge  on  Salt  River  is  an  especially  favorable  site  for  a  masonry 
dam,  and  the  most  permanent,  conservative,  and  secure  form  of  high 
dam  that  is  known  to  engineering  science  can  be  constructed.  The 
formation  is  sedimentary,  with  the  strata  inclined  at  an  angle  of  about 
30''  to  the  horizonal,  dipping  toward  the  reservoir,  a  most  favorable 
condition  for  retaining  stored  waters  and  for  the  stability  of  the 
dam.  The  foundation  and  abutment  of  hard,  tough,  fine-grained 
sandstone  are  all  that  could  be  desired.  Building  stone  of  the  same 
material  is  at  hand,  and  above  the  site.  As  elsewhere  set  forth,  good 
Portland  cement  can  be  made  in  the  vicinity.  Sand  for  mortar  can 
be  obtained  from  the  river  bed,  but  will  have  to  be  washed  and 
screened,  and  it  is  thought  that  the  best  plan  will  be  to  manufacture 
sand  by  crushing  quartzite,  which  occurs  in  abundance  near  the  site. 
This  will  provide  an  ideal  sand,  and  as  power  is  abundant  its  cost 
will  not  be  great. 

The  dam  must  be  so  designed  and  constructed  as  to  be  safe  from 
destruction  by  any  or  all  of  the  forces  acting  upon  it.  It  is  possible 
for  a  masonry  dam  to  fail  in  any  one  of  three  ways:  1.  By  overturn- 
ing; 2,  by  sliding  on  the  base,  or  on  any  horizontal  joint;  3,  by  crush- 
ing its  foundation  or  masonry  near  the  base.  A  factor  of  safety  of  at 
least  two  is  secured  against  overturning  by  so  designing  the  dam  that 
under  all  conditions  the  resultant  of  all  the  forces  acting  will  fall 
within  the  middle  third  of  any  horizontal  joint.  This  also  eliminates 
the  possibility  of  any  tensile  strains  in  the  masonry,  a  very  desirable 
result.  The  same  condition  also  secures  safety  against  sliding,  which 
is  insured  in  a  still  greater  degree  by  constructing  the  masonry  of 
random  rubble,  and  by  the  use  of  hydraulic  mortar,  bonding  it 
together  and  to  its  base,  so  that  it  becomes  a  true  monolith — a  part  of 
the  solid  rock  to  which  it  is  firmly  joined.  Under  these  conditions  a 
large  margin  of  safety  is  provided,  as  the  structure  can  not  slide  with- 
out shearing  the  masonry.  In  addition  to  these  precautions  tlie  dam 
planned  is  to  be  built  in  the  form  of  a  circular  arch,  greatly  increas- 
ing its  safety  against  both  sliding  and  overturning.  In  fact,  neither 
can  occur  without  overcoming  the  gravity  and  cohesion  of  the  masonry, 
and  also  crushing  the  masonry  or  abutments.  The  total  factor  of 
safety  against  failure  by  the  first  and  second  methods  can  not  be 
exactly   known,   but   it  is  unquestionably   very  great.     The    third 
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method,  that  of  the  crushing  of  the  masonry,  is  not  affected  by  the 
curved  x)lai^)  and  there  is  room  for  considerable  difference  of  opinion 
as  to  what  are  safe  limits  of  pressure.  The  best  guide,  when  intelli- 
gently followed,  is  the  experience  of  the  past.  The  following  table 
gives  pressures  in  some  existing  structures: 

Prestnires  on  masonry  in  ejcisting  structures. 


structure. 


Material. 


in 


Bridge,  Pont-y-Prydd,  Wales 

Brooklyn  Bridge 

Washington    Monument, 

wind. 
St.  Louis  Bridge,  before  com 

pletion. 
South  Street  Bridge,  Philadel 

phia. 
Rookery  Building,  Chicago  . . . 

Bear  Valley  dam 

AH  Sidnts^  Church,  Angers  . . . 

Chapter  House,  Elgin 

St.  Paul's,  Lfondon 


Limestone   rubble,   lime 
mortar. 

Qranite  masonry 

Cut  marble 


Cut  limestone 
do 


St.  Peter's,  Rome 

Various  arch  bridges 

Qnaker    Bridge    dam    (pro 

iected). 
Auuanza  dam  (800  years  old) . 


Cut  granite 

Granite  rubble 

Fomeaux  stone 

Red  sandstone 

Portland  limestone . 

Calcareous  tufa 

Cut  masonry 

Rubble  masonry  . . . 


Pressure 

per 
square 
foot.     I 


Tonn. 
20.7 

99.5 
25.4 

38.0 

15.7 

30.0 
40.0 
43.0 
20.0 
19.1 
16.7 

eo.o 

15.0 


.do 


Authority. 


I.  O.  Baker. 

Duryea  &  Mayer. 
Col.  T.L.Casey, 

History  St.  Louis  Bridge, 

p.  370. 
Trans.  Am.  Soc.  C.  E..  VoL 

Vn,p.306. 
I.  O.  B£keT. 
J.D.Schuyler. 
J.  T.  Fanning,  p.  408. 

Do. 

Do. 

Do. 

Do. 
Rep.  Aqueduct  Com.,  p.  55. 


14.3  I  Edward  Wegman,p.24. 


Various  erperimental  teMs. 


Material  criished. 


Pressure 
I     per 
I  square 
foot. 


Authority. 


Concrete  prisms  cut  from  Vrynwy  dam 

Granite  ashlar,  with  mortar  1:2 

Sandstone  rabble,  mortar  1:2 

Sandstone  rubble,  mortar  1 :  3f 

Gravel  concrete  1:2:3 

Gravel  concrete  1:3:6 


Tons. 
181 
583  , 
255 
184 
128 
66 


Sir  Andrew  Clark. 
Austrian  Society  E.  &.  A. 

Do. 

Do. 

Do. 

Do. 


Two  cubes  of  1  cubic  inch  each  were  cut  from  briquets  of  neat 

*  

cement,  manufactured  from  materials  obtained  near  the  site.  These 
were  tested  at  the  United  States  Navy- Yard,  in  Washington. 

Sample  No.  1  crushed  at  6,690  pounds,  or  482  tons  i)er  square  foot 

Sample  No.  2  crushed  at  8,840  pounds,  or  636  tons  per  square  foot. 

Two  cubes  with  edges  of  2  inches  were  cut  from  samples  of  the  rock 
to  be  used  in  Salt  River  dam,  and  crushed  in  the  testing  machine  at 
the  United  States  Navy- Yard,  in  Washington. 

Sample  No.  1  crushed  at  50,650  pounds,  being  14,912  pounds  per 
square  inch,  or  1,074  tons  per  square  foot. 

Sample  No.  2  crushed  at  100,000  pounds,  this  being  1,800  tons  i)er 
square  foot.  These  results  are  so  high  that  the  strength  of  the  n>ok 
is  entirely  eliminated  from  the  discussion. 

Test  No.  4,  in  the  above  table,  made  by  the  Austrian  Society,  is 
very  nearly  representative  of  the  masonry  to  be  used  in  the  proposed 
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Salt  River  dam.  A  coefficient  of  safety  of  10  in  such  masonry  would 
permit  of  pressures  of  over  25  tons  per  square  foot.  As  will  appear 
later,  the  maximum  pressures  permitted  in  the  proposed  dam  will  be 
far  below  this  figure. 

The  recorded  failures  of  high  masonry  dams  are  as  follows: 

At  the  Habra  dam  in  Algiers  poor  hydraulic  lime  was  used,  and  a 
red  earth  with  a  large  percentage  of  clay  wa«  used  in  the  mortar 
instead  of  sand.  This  combination  made  a  poor  mortar,  and  the  rock 
was  also  poor,  both  in  the  masonry  and  the  foundation,  being  a  cal- 
careous grit  of  varying  quality,  and  all  porous.  It  is  supposed  that 
the  failure  occurred  by  the  crushing  of  the  foundation  under  a  com- 
puted stress  of  13.3  tons  per  square  foot. 

At  the  Bouzy  dam  in  France  the  foundation  was  fissured  and  per- 
meable and  not  on  solid  rock,  allowing  an  immense  upward  hydro- 
static pressure;  the  section  was  so  light  as  to  permit  great  tension  in 
the  masonry  in  the  back.  It  was  straight  in  plan,  and  when  the  reser- 
voir was  nearly  filled  the  central  portion  of  the  wall  was  shoved  for- 
ward about  a  foot,  causing  ruptures  and  leakage.  This  was  afterwards 
repaired  and  the  foundation  reenforced.  Six  years  later,  when  the  res- 
ervoir was  full,  the  dam  suddenly  overturned  at  a  plane  about  33  feet 
below  the  top.     The  above-recited  defects  wefe  the  undoubted  cause. 

At  the  Puentes  dam  in  Spain  the  central  portion  of  the  dam  was 
founded  upon  piles  driven  in'earth.  When  the  rising  water  applied 
a  heavy  hydrostatic  pressure,  this  portion  of  the  foundation  suddenly 
gave  way  and  left  the  top  and  ends  of  the  dam  standing  in  the  form 
of  an  arched  bridge. 

The  dam  at  Austin,  Tex.,  was  an  overflow  dam  built  of  limestone 
rubble,  the  stone  being  very  soft  and  of  poor  quality.  The  founda- 
tion was  on  a  geological  fault,  and  was  of  soft  limestone,  in  thin,  hori- 
zontal layers,  which  had  little  adhesion,  and  probably  very  little 
friction  upon  one  another,  and  the  failure,  which  was  by  sliding,  is 
supposed  to  be  due  to  this  fact. 

In  all  four  of  the  above  cases  the  foundation  was  defective.  In 
three  the  stone  was  poor  and  in  two  the  mortar  was  poor.  All  were 
straight  in  plan  except  the  Puentes,  which  was  polygonal  in  plan  and 
arched  upstream.  This  dam  seems  to  have  been  very  well  planned 
and  constructed,  except  for  the  one  fatal  defect  of  being  founded  on 
piles  instead  of  solid  rock. 

All  of  the  defects  in  these  failures  can  easily  be  avoided  in  the  pro- 
posed dam  by  a  reasonable  application  of  care  and  skill. 

The  proposed  dam  is  designed  to  be  217  feet  above  low  water  in  the 
river  at  the  dam  site  and  to  store  water  at  a  maximum  depth  of  190  j 

feet,  the  total  height  of  dam  above  lowest  foundation  being  about  247 
feet.  Spillways  20  feet  deep  will  be  excavated  in  the  solid  rock  sides 
of  the  canyon  and  the  rock  used  in  the  construction  of  the  dam.  The 
location  lends  itself  admirably  to  a  curved  form  of  dam,  this  form 
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containing  but  little  more  ma   .rial  than  a  straight  one  of  the  sam« 

section.     The  proposed  structure  is  to  be  built  on  a  circular  curvt* 

convex  upstream,  the  back  having  a  radius  of  400  feet  and  the  face ; 

shorter  radius  from  the  same  center.     The  dam  is  to  be  of  uncourse< 

rubble  masonry  and  to  have  a  section  on  modern  conservative  idea 

as  a  simple  gravity  structure,  and  the  added  stability  due  to  its  cnrvtH 

form  will  greatly  increase  its  factor  of  safet}*.     The  rock  of  which  th 

dam  will  be  constructed  will  be  excavated  from  the  spillways,  and  i 

a  tough,  close-grained  sandstone.     A  sample  wiis  taken  from  each  sid* 

of  th(^  canyon  and  tested  for  specific  gravity  in  the  laboratory  of  tlu 

United  States  Geological  Survey.     The  following  are  the  resuhs  o 

this  test: 

Specific  graxHtiett  of  tici)  Rpeciniens  of  sandstone. 

I.  Detennined  on  lumps. 

A.  In  ordinary  distilled  water  as  quickly  as  possible. 

No.  1. — Specific  gravity,  2.42  at  room  temperature. 
No.  2.— Spet'ific  gravity,  2.47  at  room  temperature. 

B.  After  soaking  in  distilled  water  24  hours. 

No.  1. — Specific  gravity,  2.44  at  room  t^mperatiure. 
No.  2. — Specific  gravity,  2.49  at  room  temperature. 

C.  After  standing  in  distilled  water  under  the  air  pump  for  24  hours. 

No.  1. — Specific  gravity,  2.50  at  room  temperature. 
No.  2. — Specific  gravity,  2.52  at  room  temperature. 
II.  Determined  on  the  powdered  samples. 

No.  1. — Specific  gravity,  2.583  at  21.5  C,  compared  with  water  o 

same  teini)erature. 
No.  2. — Specific  gravity,  2.611  at  17.5  C,  compared  with  water  ^ 

same  temperature. 

Tests  for  crushing  were  also  made  and  are  given  on  page  3H. 

The  rock  is  to  ])e  used  in  as  large  pieces  as  i)ra<?ticable,  in  order  t< 
make  the  number  of  joints  as  few  and  the  quantity  of  mortar  as  sma! 
as  may  be.     It  is  estimated  that 'the  rock  will  occupy  70  per  cent  o! 
the  structure.     Fifteen  per  cent  will  consist  of  cement  mortar,  ii: 
which  the  stones  are  bedded,  and  15  per  cent  will  consist  of  cenieir 
concrete  rammed  into  the  vertical  joints.     Taking  the  weight  of  thu 
mortar  as  115  pounds  per  cubic  foot  and  that  of  the  concrete  as  1-^ 
pounds,  the  masonry  will  weigh,  as  nearly  as  can  be  estimated,  14- 
pounds  to  the  cubi(*  foot.     On  this  estimate  the  strains  have  lK*ei! 
computed  and  the  section  of  the  dam  designed.     As  the  dam  is  t« 
serv^e  as  a  highway,  a  top  width  of  10  feet  has  been  adopted,  vWh 
parapets  along  the  sides.    The  section  adopted  is  the  smallest  consist- 
ent with  the  necessary  top  width,  and  with  the  requirement  that  th«  j 
resultants  of  all  forces  acting  upon  the  dam  shall  be  at  all  tiin»> 
within  the  middle  third.     The  pressure  on  the  toe  when  the  reservoir 
is  full  will  be  15.0  tons  per  square  foot,  computed  on  the  assumption 
that  the  dam  is  a  rigid  monolith  and  iionelastic.     Any  elasticity  i^ 
ma}'  have  will  tend  to  relieve  this  pressure.     The  maximum  possibl** 
pressure,  16.64  tons,  occurs  at  the  heel  when  the  reservoir  is  empty, 
with  a  strong  wind  blowing  upstream. 


^»J. 
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The  table  on  p.  36  shows  fourteen  instances  with  pressures  greater, 
some  of  them  many  times  greater,  than  those  in  the  proposed  dam. 
The  following  specifications  are  proposed  for  the  dam : 

SPECIFICATIONS  FOR  THE  CONSTRUCTION  OF  THE   DAM. 

Diversion  of  the  river. — The  diversion  of  the  river  will  be  accom- 
plished by  means  of  sheet  piling  driven  as  deeply  as  practicable 
directly  across  the  canyon,  beginning  at  the  south  side  and  reaching 
as  nearly  as  practicable  to  bed  rock,  tlie  piling  to  be  reenforced  at  and 
above  the  surface  by  a  heav\-  wall  of  sand  and  gravel  excavated  from 
the  site  of  the  dam,  the  water  to  be  diverted  through  the  outlet  tunnel, 
which  will  be  constructed  in  advance .     The  gravel  wall  will  be  built 
at  least  1  foot  higher  than  the  top  of  the  outlet  channel  for  three- 
fourths  of  its  length,  about  50  feet  of  the  southern  end  of  the  embank- 
ment being  left  at  an  elevation  6  feet  lower,  to  be  utilized  as  a  spillway 
for  excessive  floods  which  may  occur  too  large  for  the  capacity  of  the 
outlet  tunnel.      The   excavation  for  foundation  will   begin  at  the 
southern  wall  of  the  canyon,  and  as  rapidly  as  completed  to  solid 
foundation  will  be  filled  with  mason r>'.     As  soon  as  40  or  50  feet  of 
the  southern  end  of  the  foundation  is  completed,  a  wooden  flume  will 
be  placed  at  the  above-mentioned  spillway  on  the  embankment,  reach- 
ing downstream  over  the  completed  portion  of  the  foundation,  dis- 
cliarging  into  the  stream  bed  at  least  300  feet  downstream  from  the 
toii  of  the  dam.     This  flume  will  be  about  1,000  feet  long,  and  in  that 
distance  will  have  a  fall  of  nearly  8  feet,  which  will  give  it  a  high 
velocity  and  enable  it  to  discharge  any  floods  likely  to  occur.     The 
pumps  employed  in  drying  the  foundation  excavations  will  discharge 
into  this  flume. 

In  case  sheet  piling  can  not  be  driven  deep  enough  to  cut  off  the 
underflow,  pipes  shall  be  driven  along  the  line  across  the  canyon  and 
cement  grout  pumped  in  until  the  desired  result  is  obtained. 

Foundation, — All  earth,  sand,  gravel,  bowlders,  disintegrated, 
loose,  and  seamed  rock  will  be  excavated  and  removed  from  the  entire 
area  of  the  base  of  the  dam  in  order  to  secure  a  firm  foundation  on 
solid  rock.  Explosives  shall  not  be  used  in  excavating  the  rock 
unless  absolutely  necessary,  and  when  used  shall  be  only  in  small 
quantities  and  in  shallow  holes  to  avoid  fracture  of  the  rock  forming 
the  foundation  of  the  dam.  The  entire  foundation  shall  be  thor- 
oughly Avashed  with  wire  brooms,  first  with  water  and  then  with  thin 
(-•(Mnent  grout.  Throughout  the  length  of  the  foundations  a  trench  0 
feet  wide  and  G  feet  deep,  15  feet  from  the  heel  of  the  dam  and  par- 
allel thereto,  shall  be  cut  in  the  solid  rock  of  the  foundation. 

Masonry. — The  main  body  of  the  dam  shall  be  constructed  of 
broken  range  cyclopean  rubble.  The  stone  shall  be  quarried  from 
the  walls  on  each  side  of  the  canyon,  shown  in  the  drawing  as  pro- 
posed spillways.  If  a  sufficient  quantity  of  hard,  fine-grained  stone 
can  not  be  obtained  in  these  spillways  it  shall  be  quarried  elsewhere. 
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All  stone  shall  l)e  thoroughly  washed  and  laid  in  Portland  cement 
mortar,  and  each  stone  shall  be  laid  on  its  largest  bed.  The  stone 
for  the  upstream  face  shall  be  rough  pointed,  so  as  to  lay  with  hori- 
zontal beds  and  vertical  joints.  No  mortar  joint  in  the  face  shall] 
exceed  1  inch  in  thickness.  At  least  one-fourth  of  the  area  in  the 
face  must  be  headers  evenly  distributed  throughout  the  wall,  and 
everj'  header  shall  be  laid  over  a  stretcher  of  the  underlying  course. 
The  stone  shall  be  so  arranged  as  to  form  a  proper  bond,  in  no  easel 
less  than  1  foot,  with  the  stone  of  the  underlj^ing  course.  The 
stretchers  must  not  be  less  than  3  feet  long,  nor  less  than  2  feet  in 
anv  other  dimension.  The  headers  must  not  be  less  than  6  feet  in; 
length  nor  less  than  2  feet  in  any  other  dimension. 

The  body  of  the  dam  shall  be  composed  of  as  large  stone  as  prac- 
ticable, well  shaped,  and  laid  so  as  to  break  joints  and  thoroughly 
bond  the  work  in  all  directions.     Each  stone  shall   be  laid  on  W^ 
largest  face  in  a  bed  of  Portland  cement  mortar  of  the  quality  here- 
after specified.     Vertical  joints  between  the  stones  in  the  body  of  thej 
dam  must  be  nowhere  less  than  4  inches  and^  must  be  carefully  and 
thoroughly   filled  with   Portland   cement  concrete,  which  shall  l)e 
rammed  into  place  by  hand.     To  secure  thorough  bedding  each  stone 
must  be  lifted  and  the  bed  examined,  to  the  end  that  all  space  in  the 
dam  not  occupied  by  stone  shall  be  absolutely  filled  with  mortar,  so 
as  to  make  a  w^ater-tight  construction.     The  masonry  shall  be  kepi 
wet  during  the  time  of  construction.     The  aim  shall  be  to  use  the 
largest  proportion  of  stone  and  the  smallest  proportion  of  mortar  ant 
concrete  in  the  dam  that  can  be  practicably  secured.     To  this  end 
facilities  shall  be  provided  for  handling  stones  weighing  12  tons,  and 
large  stones  shall  be  used  as  far  as  practicable.     To  the  same  end  th^ 
stones  shall  be  split  from  the  large  masses  found  in  the  quany  bj 
the  '*plug-and-feather"  method,  or  any  similar  process  that  may  b^ 
found  efficient  in  breaking  the  stones  along  reguliar  lines,  so  tha 
joints  to  be  filled  with  mortar  may  be  reasonably  thin  and  uniform. 

Mortar  and  concrete. — All  mortar  used  in  the  lower  30  feet  of  th< 
dam  shall  consist  of  1  part  of  Portland  cement,  2  paii:«  of  good  shar| 
sand;  and  all  concrete  used  in  this  portion  of  the  dam  shall  consi^ 
of  1  part  cement,  2  parts  sand,  and  3  parts  of  broken  stone  graded  t 
such  size  as  will  pass  through  a  screen  with  meshes  2  inches  square 
The  mortar  and  concrete  used  in  the  upstream  face  of  the  dam  for 
thickness  of  20  feet  shall  be  of  the  quality  above  specified.  I 

In  all   parts  of  the  dam  which   are   more  than  20  feet  from  thj 
upstream  face  and  30  feet  from  the  base  the  mortar  shall  be  1  pa^ 
Portland  cement  to  3  parts  of  sand,  and  concrete  of  1  part  Portlan 
cement,  3  parts  sand,  and  4  parts  broken  stone  of  a  size  topassthrou 
a  screen  with  meshes  2  inches  square.     All  mortar  and  concrete  sh 
be  thoroughly  mixed  as  the  work  progresses  and  used  so  promptly  tlu 
there  will  be  no  danger  whatever  of  incipient  setting  of  the  cement  pr 
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vious  to  the  completion  of  the  masonry  in  which  it  is  placed.  No 
cement  shall  be  used  until  at  least  sixty  days  after  its  manufacture, 
and  not  until  it  shall  show  satisfactory  tests  according  to  the  chemical 
and  physical  requirements  adopted  by  the  American  Society  of  Civil 
Engineers. 

The  reason  for  using  a  larger  percentage  of  cement  in  the  base  of 
the  dam  is  that  here  will  l>e  the  greatest  pressures,  and  the  higher 
ix^rcentage  of  cement  will  give  a  greater  power  of  resistance  to  crush- 
ing. The  high  percentage  of  cement  is  maintained  on  the  water 
face  of  the  dam,  all  the  way  to  the  top,  in  order  to  render  it  as  nearly 
impervious  as  possible. 

It  may  be  confidently  predicted  that  a  masonry  dam  at  the  pro- 
posed site,  constructed  on  the  above  plans  and  specifications,  would 
l)e  absolutely  permanent,  "safe,  solid,  and  secure  for  all  ages  to 
come,"  as  truly  as  the  "everlasting  hills,"  of  which  it  will  become 
an  integral  part. 

SEDIMENT. 

Most  of  the  streams  of  the  southwest  carry  a  considerable  quantity 
of  solid  matter  which  causes  annoyance  in  canals,  and  has  a  tendency 
to  fill  anv  reservoir  constructed  on  the  stream.  This  is  true  of  the 
Rio  Grande,  Colorado,  Pecos,  and  Gila  rivers.  There  is  silt  also  in 
the  waters  of  Salt  River,  as  shown  by  it«  occurrence  in  the  canals, 
hut  it  is  not  nearly  as  abundant  as  in  the  streams  above  mentioned. 
The  basin  tributary  to  the  Salt  River  reservoir  lies  in  large  part,  in  high 
timbered  country,  and  includes  the  Apache  Indian  Reservation.  These 
Indians  constitute  probably  the  most  efficient  forest  patrol  in  the  coun- 
try, and  their  reservation  is  almost  entirely  covered  with  forest  and 
crrass.  The  basin  of  Tonto  Creek,  and  a  few  other  tributaries,  how- 
ever, are  closely  pastured  and  deliver  some  silt  during  sudden  floods. 

Observations  of  the  amount  of  sediment  carried  give  the  results 
found  in  the  following  table  : 

Percentage  of  sediment  found  in  Salt  River  water. 


Date.  Sediment. 


Total  vol- 
ume. 


IflOl.  Per  cent.       I  Acre-feet. 

Jannary '          0.00008  9.27 

Febniaryl-16 ,            .00053     j  34.42! 

Febmary  16-28 ,            .00012     '  8.28 

March '             .000099  9.58 

Aprill-18 I              OOOOOei  .06 

April  19  to  May  26 <  No  sediment.  .00 

May27-31 .006895  28.74 

Jott® ,  Nosediment.  .00 

Jily .()Uf»24  83.58 

August .0041:W  134.16 

September '            .a)i:?«:i  23.85 

Ortober i             .a)0054  6.04 

November .axXBH  .65 

tHsceinber No  sediment.  .00 


Total  for  the  year !  337.58 


Note.— Prom  January  1  to  April  18, 1901,  observations  were  made  at  McDowell  station;  bal- 
wce  of  the  year  at  reservoir  site. 
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The  above  table  shows  that  during  the  period  covered  by  the  o 
vations  the  sediment  carried  was  very  small  in  amount,  almost  ne 
ble,  but  the  discharge  during  the  year  was  far  below  the  norma 
it  is  believed  that  the  proportion  of  sediment  shown  by  the  ob 
tions  was  also  below  the  norma;l.     If  we  take  1,000  acre-feet 
average    inflow  of  sediment,  this  will   be    nearly  three  time 
observed  during  1901,  and  yet  it  would  require  eight  hundred  y 
fill  the  reservoir  if  none  were  drawn  off.     It  would  probably  b 
hundred  years  before  the  loss  of  storage  capacity  would  be  seri 
felt  and  it  would  become  necessary  to  resort  to  methods  of  clear 
out. 

At  all  times  when  the  river  is  in  flood  the  water  in  the  resc 
will  be  more  or  less  turbid.     The  lower  the  stage  of  the  reservoi 
the  greater  the  flood  in  the  river  the  greater  will  be  the  percent 
sediment  held  in  suspension.     The  greatest  amount  of  sedimen 
usually  be  found  in  the  lower  layers  of  water,  and  it  will    t 
fore  contribute  to  the  maintenance  of  the  storage  capacity  to 
all  waters  from  the  lowest  possible  point  at  all  times.     Two  oi 
are  provided  in  the  form  of  tunnels  10  by  13  feet,  one  around 
end  of  the  dam.     It  should  be  made  an  invariable  rule  that  whe 
water  begins  to  run  over  the  spillway  the  gates  must  be  openel 
full  capacity,  not  only  to  draw  off  the  maximum  quantity  of  a 
ment  but  also  to  reinforce  the  spillway  capacity  as  much  as  possi 

Experience  at  the  Sweetwater  and  other  reservoirs  shows  that 
greatest  deposits  of  sediment  are  in  the  deepest  part  of  the  reserv 
which  in  this  case  is  near  the  dam.     The  above  provision  would 
pose  of  a  considerable  portion  of  this,  and  any  further  provision 
removing  silt  would  be  unnecessary  for  more  than  a  century. 

SPILLWAY    PROVISION. 

The  greatest  flood  ever  known  in  Salt  River  Valley  occurred  in  F« 
ruary,  1891.     It  is  described  in  the  Twelfth  Annual  Report  of  1 
United  States  Geological  Survey,  and  has  been  referred  to  on  page 
of  this  report.     The  maximum  discharge  of  this  flood  was  estimat 
at  the  almost  incredible  volume  of  .3(X),000  cubic  feet  per  second, 
freshet  of  less  magnitude,  but  still  very  large,  occurred  in  1890.     The 
is  abundant  evidence  that  there  had  been  no  flood  approaching  the 
in  magnitude  for  a  very  long  time.     The  drainage  area  from  whU 
this  flood  Mas  drawn  was  considerably  more  than  double  the  area  trib 
tary  to  the  proposed  Salt  River  reservoir,  but  the  latter  having  mo: 
than  the  average  precipitation,  it  is  credited  with  54  per  cent  of  tl 
total  discharge  under  the  discussion  of  *' Water-supply  "  on  page  2' 
A  smaller  drainage  basin  is,  moreover,  liable  to  a  relatively  highi 
flood  discharge  than  a  larger  one,  though  the  floods  are  of  shorts 
duration.     From  the   above  considerations  it  is  estimated  that  tl 
maximum  flood  wave  possible  at  Salt  River  reservoir  is  220,000  cub 
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feet  per  second,  reaching  this  amount  by  a  rapid  increase  in  volume, 
and  declining  somewhat  less  suddenly  from  the  maximum  to  the  normal 
discharge.  On  this  assumption  an  examination  has  been  made  of  the 
effect  of  such  a  flood  upon  the  reservoir.  It  is  assumed  that  the 
reservoir  is  full  up  to  the  bottom  of  the  spillway,  and  that  a  great 
flood  occurs,  with  a  mean  discharge  for  the  first  hour  of  120,000  cubic 
feet  per  second,  and  increases  its  discharge  10,000  cubic  feet  per  sec- 
ond during  each  hour  for  eleven  hours,  at  the  end  of  which  time  it  has 
reached  its  maximum  wave  of  220,000  cubic  feet  per  second.  The  dis- 
charge then  decreases  in  an  arithmetical  progression  for  twenty  hours, 
at  the  rate  of  5,000  second-feet  per  hour,  reaching  a  discharge  of 
120,000  second  feet  as  a  mean  for  the  thirty-first  hour. 

This  spillway  as  planned  has  a  total  length  of  350  feet,  and  its 
lx>ttom  is  27  feet  below  the  top  of  the  dam.  Its  discharge  capacity  is 
computed  from  the  formula  Q=III  1220=3.5  LIU. 

Effect  of  maximum  flooil  on  Salt  River  reservoir^  with  spillway  S5o  feet  long^  190 

feet  above  river  bed. 


[Q=H§1320.] 


Inflow. 


Outflow. 


Hour. 


Second- 
'      feet. 


1 

130,000 

laxooo 

140,000 
lfiO,(M) 
100,000 
170,000 
180.000 
190,  («) 
200,000 
210.000 
230,000 
•  215,  (JOO 
210,000 
205.000 
200.000 
196,000 
190.(0) 
180,000 
180.000 
175,000 
170,  OU) 
165.000 

leo.ooo 

155.  OOf) 
150,000 
145,  (KK) 
140.  (KK) 
ia5,(KJ0 
180,000 
125,  (KJO 
120,  (K)0 

9 

3 

4 

5 

tf 

1 .,--•-.-,-•  _....- 

H 

9    

10 

11 

12 

13 

U 

ir» 

16 

17 

ix 

19 

3) 

21 

^) 

a 

24 

25 

26 

27 

2H i 

2B                     

:*i                

u 

Aere-feet. 


9,920 
10.740 
11,570 
12.390 
13,320 
14,  (MO 
14,870 
15,600 
16,520 
11, m) 
18. 170 
17,760 
17,a50 
16,9:*) 
16,520 
16,170 
15.690 
15.380 
14,870 
14,4.')0 
14.040 
18.630 
13.220 
12.830 
12,:«0 
11.9H0 
11,. 570 
11,150 
10, 740 

io,:«) 

9,920 


Swond- 
feet. 


Acre-feet. 


Net  rise.     EleTation. 


Cai>acity  of  spillway 


12.920 
14,380 
16,5tH) 
19,4:*) 
22,920 
27. 190 
31,600 
36, 7J)0 

42,:«o 

48,460 

■>T,  wnU 

61.590 
67.940 
73,980 
79.620 
84,iKK) 
89,79(1 
94.270 

98.:«o 

102. 740 
1(F).  ;*K) 
108,2(KI 
110. 810 
113.040 
114,920 
116. 4tM) 
117. 63J) 
118.610 
119.250 
119,(520 
119, 7(K) 

123,120 


1,065 
1,185 

i,a«> 

i,m) 

1.890 
2,245 
2,610 
3.0li5 
3,.5(K) 
4,(KK) 
4,  .540 
S.OW 
5,610 
6,110 
6, 575 
7.010 
7,415 
7. 7H.-) 
8,120 
8,485 
8.m)5 
8,im 
9,150 

9.:«-) 

9.490 
9,620 
9.720 
9. 7<.)5 
9.850 
9.m) 
9.892 


Feet. 

0.82 

.87 

.92 

.97 

1.01 

l.Oli 

l.Oti 

1.08 

1.10 

1.11 

1.12 

1.03 

.94 

.m 

.78 
.71 
.64 

.51 
.45 
.40 

.26 
.21 
.17 
.13 
.10 
.06 
.(W 
.(Kl 


Feet. 
190.82 
191.60 
192.61 
193.58 
194.59 
195.62 
196.68 
197. 76 
198.88 
199.97 
201.09 
202.12 
203.06 
20:^.92 
204.70 
2(15.41 
»J6.05 
20(i.62 
207.13 
207.58 
207.98 
208. ;« 
208.63 
20S.89 
209.10 
209.27 
209.40 
2tK).riO 
'M).  .')6 
a)»).59 
2IR).59 


10. 170 


210.00 


At  the  end  of  the  thirty-first  hour  the  surface  of  the  water  has 
reached  an  elevation  of  200.6  feet,  or  7.4  feet  below  the  top  of  the 
dam,  and  from  that  point  begins  to  decline,  the  spillway  having 
at  this  elevation  a  discharge  of  119,700  cubic  feet  per  second.  The 
above-assumed  flood  wave  might,  therefore,  be  considerably  exceeded 


44  WATEB   STORAGE    ON   SALT   JBIVER,   AEIZONA.  [no.73. 

without  flowing  over  the  dam,  and  therefore  the  spillway  provisions 
as  planned  are  considered  ample  for  all  possible  requirements.  It 
should  be  noted,  however,  that  the  dam  would  not  be  injured  nor 
endangered  by  a  very  considerable  flow  over  the  top. 

OUTLET  W^ORKS. 

For  the  purpose  of  facilitating  the  discharge  of  sediment  from  the 
reservoir,  and  also  to  furnish  the  maximum  reenforcement  to  the 
spillways,  it  has  been  decided  to  draw  all  water  from  the  reservoir 
through  large  openings  directly  on  the  bottom.  Accordingly  the  plan 
adopted  is  to  have  two  tunnels  dug  through  the-«olid  rock,  one  on 
each  side  of  the  canyon.  Each  tunnel  will  be  provided  with  two  gates, 
each  6  feet  by  10  feet  3|  inches,  with  a  clear  opening  of  5  feet  44 
inches  by  10  feet,  making  a  total  area  of  215  square  feet  clear  open- 
ing. This  would  have  a  discharge  capacity  of  about  1,500  cubic  feet 
per  second  with  water  standing  in  the  reservoir  on  a  level  with  the 
top  of  the  tunnels.  When  the  reservoir  stands  higher  than  this  the 
head  would,  of  course,  increase  the  possible  discharge,  and  when 
water  begins  to  flow  through  the  spillways  the  tunnel  would  have  a 
discharge  capacity  of  about  12,000  cubic  feet  per  second,  and  with 
the  spillways  running  full,  about  14,000  cubic  feet  per  second.  The 
head  on  the  lower  sill  of  the  outlet  tunnels  would  be  190  feet  with 
water  standing  at  the  level  of  the  bottom  of  the  spillways.  This  will 
be  the  maximum  head  frequently  encountered,  but  the  possible  head 
would  be  20  feet  more,  or  210  feet,  with  water  flowing  over  the  spill- 
ways 20  feet  deep,  which  is  considered  the  maximum  head  possible, 
encountered  only  at  long  intervals,  if  ever.  This  will  produce  a  mean 
pressure  of  about  12,800  pounds  per  square  foot  on  the  gat^es,  or  a 
total  on  each  gate  of  about  390  tons.  These .  pressures  and  sizes 
require  gates  of  great  strength  and  efficient  means  of  feontrolliug  their 
position. 

Each  gate  is  built  of  nine  parallel  9-inch  I  beams,  two  channels 
horizontally,  and  three  longitudinal  beams,  the  whole  inclosed  by  a 
half -inch  plate  solidly  riveted  to  the  beams  and  channels,  so  as  to 
make  the  entire  gate  act  as  a  girder.  It  will  be  the  aim  to  make  this 
girder  water-tight  on  the  edges  and  the  side  exposed  to  the  water, 
but  drainage  holes  will  be  provided  on  the  lower  side  to  discharge 
any  chance  leakage. 

The  pillar  which  will  occupy  the  center  of  each  tunnel  is  built  of 
plates  and  angles  in  the  form  of  a  large  I  beam,  and  is  reenforced  on 
each  side  by  a  12-inch  I  beam,  and  the  whole  is  inclosed  by  a  thin 
steel  skin,  to  minimize  the  tendency  to  produce  vibrations.  Tlie 
beams  are  so  arranged  as  to  diminish  the  contractions  also,  and  thus 
increase  the  discharge.  The  sheet  steel  will  be  continued  along  the 
sides  and  bottom  of  the  tunnel  throughout  its  entire  length.     Under 
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these  arrangements  the  velocity  of  the  water  through  the  tunnel, 
running  full,  with  the  water  in  the  reservoir  at  the  level  of  the  top  of 
the  tunnel,  will  be  about  7  feet  per  second,  and  will  increase  to  over 
60  feet  per  second  with  the  water  20  feet  deep  over  the  spillways. 
Each  gate  will  be  worked  by  two  hollow  rods  running  upward  through 
the  shaft  and  tower  to  the  tower  houses  at  the  top  of  the  dam,  where 
they  will  be  worked  by  screws  operated  by  electric  motors. 

The  hollow  rods  will  consist  of  3-inch,  double-extra  heavy  steel 
drivepipe,  and  will  work  in  guides,  as  shown  in  Pl.-XXI.  The  upper 
section  of  rod  which  carries  the  thread  for  moving  the  gates  will  be 
solid. 

The  bearings  for  the  gates  will  be  upon  solid  steel  n>llers  placed  to 
eliminate  friction.     A  general  view  is  shown  on  PI.  XXII. 

The  steel  is  estimated  at  8  cents  per  i>ound  erected. 

POWER  PLANT. 

In  the  construction  of  a  great  dam  one  of  the  most  imjiort^int  ele- 
ments is  that  of  power.  This  is  necessary  on  a  large  scale  for  drilling 
purposes,  for  handling  rock,  for  mixing  and  handling  mortar,  and  for 
crushing  rock  to  be  used  in  concrete.  In  the  present  case,  further- 
more, it  has  been  found  possible  and  very  desirable  to  manufacture 
on  the  groiind  the  large  quantity  of  cement  required  in  the  dam. 
This  would  require  about  300  horsepower  day  and  night,  for  grinding 
rock  and  clinker,  and  for  handling  materials  and  running  machinery. 
It  is  usual  to  provide  such  power  by  means  of  steam  engines,  but  in 
the  present  case  this  is  rendered  very  expensive  by  the  scarcity  of 
fuel.  Coal,  in  quantities,  now  costs  $10  per  ton  in  Globe,  and  the 
wagon  haul  to  the  dam  site  would  nearly  double  this.  A  limited 
amount  of  wood  is  available,  but  to  secure  the  large  quantity  which 
would  be  required  if  it  were  the  sole  dependence  for  power  would 
involve  a  long  haul. 

The  best  means  for  providing  the  necessary  power  is  by  the  devel- 
opment of  water  power  on  the  river.  This  will  involve  the  construc- 
tion of  a  diversion  dam  and  canal,  which  can  afterwards  be  utilized, 
if  required,  for  sluicing  accumulated  silt  out  of  the  reservoir.  The 
power  developed  can  afterwards  be  used  in  the  neighboring  mines  or 
transmitted  to  the  valley  below  for  pumping  purposes.  For  either 
purpose  it  will  be  a  valuable  asset. 

The  standard  canal  section  adopted  has  a  bottom  width  of  8  feet, 
water  depth  of  3.5  feet,  total  depth  of  4.5  feet,  with  side  slopes  of  1  to 
1  in  excavation  and  1^  to  1  in  embankment.     Its  slope  will  be  0.0006. 

In  the  first  12,000  feet  of  the  line  the  depth  will  be  slightly  increased 
to  provide  for  seepage  losses.  Small  drainage  lines  will  be  crossed  by 
means  of  concrete  culverts.  Flume  construction  will  be  employed 
only  whei'e  absolutely  necessary,  on  account  of  its  lack  of  perma- 
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nenee.  The  adopted  flume  section  is  a  rectangular  box,  4  feet  deep 
and  7  feet  8  inches  wide  inside,  built  of  2-inch  redwood  plank,  sup- 
ported by  frame  of  native  pine.  Sawmills  will  be  established  near 
the  line  and  logs  floated  down  Salt  River  from  the  mountain  valleys 
above.  This  native  timber  will  also  be  used  for  false  works  and 
other  temporary  structures  about  the  ^vorks.  The  details  of  flume 
construction  are  shown  on  PL  XXIII. 

There  are  to  be  two  tunnels  on  the  line,  one  15,000  and  one  18,CKX> 
feet  in  length.  Both  are  to  be  in  coarse  gravel,  and  will  be  lined 
with  concrete. 

No  detailed  surveys  have  been  made  of  the  line,  and  the  estimates 
;  xr  which  follow  should  be  regarded  as  only  approximate.     The  estimated 

cost  of  earth  excavation  is  15  cents  per  cubic  yard,  and  of  rock  $1  per 
cubic  vard. 

The  proposed  canal  would  head  some  distance  above  the  reservoir, 
follow  alcove  its  water  line,  and  finally  discharge  just  below  the  daui, 
with  an  available  head  of  about  180  feet.     It  is  designed  to  deliver 
;_  ;  100  cubic  feet  per  second,  and  to  develop  a  net  energy  of  about  1,:3(K~) 

horsej^ower  after  deducting  seepage,  friction,  and  losses  in  water 
wheels,  electric  plant,  etc.     It  is  designed  to  use  900  horsepower  at 
I  the  dam  and  300  horsepower  at  the  cement  mill. 

The  power  plant  will  consist  of  three  units  of  300  kilowatts  each, 
one  of  which  will  be  temporarily  installed  near  the  cement  mill,  to 
i  i]i  be  used  there  in  making  cement  and  in  drilling  for  the  outlet  tun- 

nels, dam  foundations,  etc. ,  before  the  permanent  plant  is  installed, 
until  it  is  desired  to  store  water  above  the  25-foot  contour  of  the 
reservoir,  at  which  time  the  manufacture  of  cement  should  have  been 
completed,  when  this  unit  will  be  placed  alongside  the  other  two 
below  the  dam.  The  two  units  placed  below  the  dam  will  be  at  first 
protected  by  a  temporary  power  house,  until  the  foundation  of  the 
dam  at  that  point  is  brought  uj)  to  the  level  of  the  ground,  when  the 
stone  power  house  will  be  built. 

The  windows  of  the  power  house  will  be  10  feet  above  the  bed  of 
the  river,  and  the  tailrace  of  the  power  house  will  be  provided  with  a 
gate  by  which,  if  it  ever  becomes  necessary,  backwater  from  the  dis- 
charge of  the  spillways  can  be  prevented  from  entering  the  power 
house.  At  such  times,  perhaps  once  in  twenty  or  thirty  years,  it  may 
become  necessary  to  close  down  the  power  plant  for  a  few  horn's. 

The  following  approximate  estimate  of  the  cost  of  the  power  instal- 
lation has  been  prepared : 

Estimated  cost  of  power  plant. 

Diversion  works: 

Dam $10,000 

1,000  feet  of  flnme 2,326 

75,200  feet  of  canal 58,975 

8, 300  feet  of  tunnel,  at  $6 19,800 

|91, 100 
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Water  wheels,  etc. : 

9  wheels,  shafts,  nozzles,  housings,  etc $7,350 

3  pairs  couplings  for  attaching  dynamos 555 

270  feet  52-inch  ^ipe  for  penstock 1, 600 

Receiver  and  9  branches _ 1, 555 

Freight  on  140,000  pounds,  at  3  cents.  _ _ 4, 200 

Powerhouse 10,000 

$25,260 


Electric  plant: 

3  300-kilowatt  dynamos  and  exciters 34, 000 

Transformers  and  motors - 35, 000 

Transmission  lines 1,000 

Freight  and  installation _ 12,000 


72,000 


Total  cost  of  power  plant 188,360 

The  power  plant  as  planned  is  aboat  what  is  necessary  in  the  con- 
struction of  the  dam  and  the  manufacture  of  cement.  It  contemplates 
the  use  of  the  entire  flow  of  the  Salt  River  at  minimum  stages,  and 
hence  is  the  maximum  that  can  be  made  available  at  full  head  for  use 
at  all  times.  After  the  construction  of  the  reservoir  this  power  can 
be  utilized  for  other  purposes,  but  if  constantly  requireil  will  consume 
water  from  the  reservoir  during  the  winter  months,  when  usually  a 
sufficient  supply  for  irrigation  purposes  can  be  obtained  from  the 
unregulated  flow  of  the  Verde  River.  If,  however,  the  power  is  used 
exclusively  for  pumping  water  for  irrigation,  it  will  not  be  required 
during  the  season  of  high  water  on  the  Verde.  When  this  supply 
becomes  insufficient,  it  will  be  necessarj^  to  start  the  pumping  plants 
and  to  draw  water  from  the  reser\'oir,  which  can  be  utilized  at  such 
times,  both  for  power  and  irrigation ;  hence,  if  used  exclusively  for 
pumping,  none  vdll  be  wasted. 

There  are  other  power  possibilities  in  this  reservoir  site  by  arrang- 
ing to  draw  all  irrigation  water  from  the  reservoir  under  a  consider- 
able head  through  turbines  which  can  l)e  used  to  develop  power  for 
pumping  purposes.  Such  development,  however,  will  be  of  a  very 
different  character  from  the  works  already  planned.  The  water  will 
be  drawn  under  a  variable  head,  and  at  times  of  extreme  scarcity, 
when  the  reservoir  may  run  nearly  or  quite  empty,  and  when  irriga- 
tion water  is  most  needed,  the  head  will  be  diminished  and  the  water 
to  be  drawn  will  be  insufficient  or  entirely  lacking  at  times  when  the 
power  for  pumping  is  most  needed,  unless  the  duty  of  the  reservoir  is 
diminished  to  a  sufficient  extent  to  prevent  this.  It  is  probable,  how- 
ever, that  such  a  utilization  of  the  power  could  be  profitably  made. 
A  decision  on  this  point  rests  on  the  equation  between  the  cost  of 
necessary  plant  and  the  value  of  necessary  storage  capacity  on  the 
one  side  as  against  the  value  of  the  water  pumped  on  the  other  side. 
There  is,  however,  a  limit  to  the  availability  of  underground  waters 
which  can  not  be  definitely  known  until  an  extensive  trial  is  made  by 
pumping  on  the  large  reser\'oir  of  water  which  seems  to  be  stored 


48 


WATER   STORAGE    ON    SALT   RIVER,   ARIZONA. 


[No.Ta 


underground  in  Salt  River  Valley.  The  problem,  however,  is  an 
attractive  one,  and  desei-ves  extensive  study  in  connection  with  the 
utilization  of  Salt  River  reservoir. 


CEMENT  MANUFACTURE. 

The  natural  topographic  conditions  of  this  site  are  very  favorable 
for  the  construction  of  a  masonry  dam  of  the  most  conserv^a  ve  and 
permanent  design  yet  devised.  This  form  of  construction,  however, 
is  rendered  very  expensive  by  the  remoteness  and  difficulty  of  access 
to  the  site.  There  is  a  wagon  haul  of  over  40  miles  across  mountain- 
ous country  from  the  end  of  the  railroad,  which  is  a  branch  road  with 
light  traffic  and  high  rates.  It  is  estimated  that  cement  would  cost  at 
the  dam  site  about  19  per  barrel.  As  over  100,000  barrels  of  cement 
would  be  required  for  the  dam,  such  a  price  is  a  most  serious  handi- 
cap to  the  project,  and  presents  a  strong  temptation  tc  >dopt  a  rook- 
fill  type  of  structure  which  would  be  immensely  cheaper.  However, 
before  deciding  this  important  point,  it  was  thought  best  to  investigate 
the  possibility  of  manufacturing  cement  in  the  vicinity,  and,  with  this 
object,  search  was  made  in  Tonto  Basin  for  materials  suitable  for  the 
purpose.  Eight  samples  of  rock  and  clay  were  sent  in  for  analysis 
to  E.  A.  Duryee,  superintendent  of  the  cement  works  at  Colton,  Cal 
The  analyses  were  as  follows : 

Analyses  of  rocks  and  clays  from  Toiito  dam  site. 


CoDstitnent. 


No.l.     No.  2. 


No.  4.     No.  6.  I  No.  7.    No.S. 


Moisture ' I    2.80 


SiUca 

Alnmina  and  ferric  oxide I     0. 20 

Mafirneaia flO 

Oalcium carbonate i    96.80 

Insoluble  residue 3.30 


50.00 
15.80 
4.072 
16.00 


11.25 
56.70 
20.50 


11.80 


Total !    99.90  i  89.872 


99.25 


20.10 
51.00 
16.70 
i.576 
6.048 


13.40 
51.90 
23.70 
.97 
10.90 


18.00 
.972 
.00 


98.424  .  100.87      H6.8» 


No.  1.  Limestone  near  dam  site;  very  abundant  and  convenient. 

No.  2.  Calcareous  shale  near  dam  site;  ledge  1  foot  thick;  expensive  to  quarry. 

No.  3.  Shale  near  dam  site;  ledge  4  inches  thick;  expensive  to  quarry. 

No.  4.  Clay  1  mile  from  dam  site;  abundant. 

No.  5.  Shale  near  dam  site;  ledge  3  Inches  thick;  expensive  to  quarry. 

No.  6.  Clay  from  Bailie  May  Canyon,  8  miles  from  dam  site. 

No.  7.  Clay  from  hills,  3  miles  north  of  dam  site;  very  abundant. 

No.  8.  Shale  from  canyon  below  dam  site;  ledge  2  feet  thick. 

The  shales,  and  especially  samples  3  and  5,  being  expensive  to  quarry 
and  grind,  were  intended  for  use  only  in  case  the  clays  should,  upon 
analysis,  prove  to  be  unsuitable  for  the  purpose  intended. 

Everything  considered,  samples  1  and  7  appeared  to  be  the  mot^t 
favorable  for  the  purpose,  and  accordingly  a  quantity  of  No.  7  and 
No.  1  were  shipped  to  Colton  for  an  experimental  burn.  The  follow- 
ing is  quoted  from  Mr.  Duryee's  report: 

The  clay  and  limestone  were  ground  separately  and  then  mixed  in  the  proper. 
tions  of  6.18  pounds  limestone  and  2.25  pounds  clay,  making  a  raw  mixture  that 
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t«8ted  43  per  cent  lime.  As  the  limestone  was  very  hard  and  therefore  more  dif- 
ficult to  make  into  cement  than  a  softer  material,  fluorspar  to  the  amonnt  of  1\ 
ounceSf  or  1  x)er  cent,  was  added.  The  materials  were  also  ground  qnite  fine,  but 
no  finer  than  is  the  practice  in  some  cement  works,  viz: 

Per  cent. 

Paseed  a  sieve  of  50  meshes  to  the  linear  inch 99. 9 

Passed  a  sieve  of  100  meshes  to  the  linear  inch -..  99.75 

Passed  a  sieve  of  200  meshes  to  the  linear  inch 71. 75 

The  raw  mixture  was  made  into  briquets,  and  these,  after  being  dried,  were 
burned  in  a  gasoline  furnace.  They  burned  to  a  good  hard  clinker  of  a  good  color, 
which  yielded  a  cement  of  good  color. 

Analysis  of  the  cemenv. 

Lime 63.56 

Alumina  and  ferric  oxide 10. 40 

Silica _ ---- - 22.85 

Magnesia .71 

Alkalies  not  determined. 

Tensile  teats  of  the  neat  cement  briquets. 

PoundB  per  aqnare  inch. 

7  days  (1  day  in  air,  6  in  water) _ 410 

14  days  (1  day  in  air,  then  in  water  till  broken) 690 

28  days  (1  day  in  air,  then  in  water  till  broken) 775 

Chemical  analyses  of  Nos.  1  and  7  were  also  made  in  the  laboratory 
of  the  Geological  Survey,  to  test  the  uniformity  of  the  deposits.  These 
samples  differ  slightly  from  the  samples  sent  to  Mr.  Duryee,  but  still 
are  eminently  suitable  for  the  purjwse.  The  following  are  the  results 
found  in  tbe  Survey  laboratory: 

Analysis  of  limestone  from  Salt  River,  Arizona, 

CaO .- - - 55.56 

MgO _ .  .10 

Fe^Os  and  AljOg    -- - -20 

SiOj - .51 

CO,(cal) - 43.77 

Total - 100.14 

Analysis  of  clay  No.  7,  from  Salt  River ^  Arizoyia. 

Chlorine - 20 

Silica 50.51 

Fe,Os --- --.- 5.03 

AljOjandPjOj 14.63 

TiO, - .66 

MnO - ..  .03 

CaO .-- 6.77 

MgO 3.00 

K,0 -- _ 3.06 

Na,0 - 2.18 

Loss  at  red  heat 13. 30 

Total _-..     99.37 
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Altogether  these  results  are  very  gratifying,  and  prove  beyond 
question  the  existence  of  convenient  and  abundant  materials  from 
which  cement  can  be  made.  The  greatest  diflSculty  is  the  scarcity  of 
fuel.  There  is  considerable  wood  in  the  reservoir  site,  mainly  cot- 
tonwood  and  mesquite,  which  it  will  be  desirable  to  clear  out  of  the 
reservoir  in  any  event.  Wood  is  not  suitable  for  burning  cement 
clinker  by  modern  methods,  but  if  made  into  charcoal  and  then 
ground  to  powder  would  answer,  or  oil  may  be  imported  for  the  pur- 
pose from  California.  A  large  amount  of  power  is  required  for  grind- 
ing the  rock  and  the  clinker,  and  a  still  larger  amount  will  be  necessary 
in  the  construction  of  the  dam,  for  excavating  to  foundation,  quarry- 
ing and  handling  the  rock,  mixing  and  handling  mortar,  etc.  If 
steam  power  were  used  for  all  these  purposes  the  small  amount  of 
wood  at  hand  would  soon  be  exhausted,  and  it  would  be  necessary  to 
haul  wood  a  long  distance,  or  to  import  coal,  either  of  which  would  l^e 
very  expensive.  Water  power  can  be  developed  by  diverting  water 
from  Salt  River  above  the  reservoir  site,  carrying  it  in  a  canal  above 
the  proposed  lake  and  dropping  it  through  a  penstock  jiist  below  the 
dam.  By  such  means  an  ample  supply  of  power  can  be  obtained, 
available  through  the  construction  period  and  afterwards  also,  if 
desired.  The  chief  expense  attached  to  this  development  will  be  the 
construction  of  the  canal  for  conveying  water  from  the  diversion  site 
to  the  dam  site.  But  as  the  power  will  be  valuable  for  other  purposes 
its  cost  is  not  entirely  chargeable  to  the  dam,  and  everything  con- 
sidered, this  is  by  far  the  cheapest  manner  of  obtaining  the  large 
amount  of  poVver  required.  This  is  treated  more  in  detail  under  the 
proper  heading,  page  45, 

The  estimated  cost  of  the  cement  plant,  with  modern  machinery 
capable  of  producing  300  barrels  per  day,  as  furnished  by  Mr.  E.  A. 
Duryee,  is  as  follows: 

Approximate  cost  of  a  rotary  process  S-kiln  Portland  cement  plant  of  a  daily 

capacity  of  300  barrels. 
Crusher _ ^,000 

Mill  for  disintegrating  clay _..  500 

Rotary  clay  dryer_ _ _ 1, 500 

Elevators  and  conveyors  for  raw  materials _ 1,000 

Storage  bins  for  raw  materials  _ 1. 000 

Mills  for  grinding  raw  materials _  _ _ 10, 000 

Two  rotary  kiln-linings  and  stacks 15, 000 

Mills  for  grinding  cement 10, 000 

300-horsepower  electric  motors  and  step-down  transformers 9, 000 

Conveyors  and  elevators  for  cement _.-  1, 500 

Cost  of  grading  and  erecting  machinery 10, 000 

Shafting  and  pulleys,  belts,  and  setting  up  same 5, 000 

Buildings  and  bins  for  cement 10, 000 

Office,  laboratory',  and  equipment  of  same 1, 500 

Freight 10,000 

Plans,  si)ecifications,  and  superintendence 3, 000 

Total 91,000 
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With  such  a  mill,  and  using  charcoal  for  burning  cement,  the  cost 
of  manufacture  would  be  approximately  as  follows,  allowing  for 
power  only  the  proportion  necessary  for  maintaining  and  operating 
the  electric  plant  provided : 

Cost  per  barrel  of  making  cenient  at  Salt  Hither  dam  site,  Tonto  Basin. 

Labor  and  anperintendence  _ _ $0. 70 

Raw  materials .30 

Fuel  for  bnming .90 

Power  (maiiitenance  and  operation  only) 05 

Repairs  and  snndries 05 

Total 3.00 

ROADS  AND  BRIDGES. 

The  road  from  Globe  to  Payson  passes  through  the  reservoir  almost 
its  entire  length.  In  case  of  the  construction  of  the  dam  this  road 
would  be  submerged,  and  it  will  be  necessary  to  provide  a  new  one 
around  the  reservoir.  If  it  were  deflected  to  the  east  it  would  be 
thrown  into  exceedingly  rough  mountain  country,  where  the  con- 
struction would  be  very  expensive  and  the  road  beset  by  heavy 
grades.  By  passing  to  the  west  of  the  reservoir  it  would  be  necessary 
to  use  the  dam  as  a  viaduct  and  to  build  bridges  across  the  spillways. 
There  would  not  be  a  great  amount  of  road  construction,  and  this 
plan  would  be  far  cheaper  and  furnish  a  much  better  road  than  could 
be  built  east  of  the  reservoir.  The  road  to  the  dam  site  would  be 
necessary  in  the  construction  of  the  dam,  and  some  sort  of  passage- 
way over  the  spillways  would  be  necessary  in  operating  the  gates. 

In  view  of  the  contemplated  manufacture  of  cement  near  the  dam 
and  the  high  cost  of  steel  delivered  at  the  site,  it  has  been  decided  to 
•  build  the  bridges  of  the  Melan  arch  type — that  is,  a  light  steel  skele- 
ton embedded  in  concrete.  This  will  be  about  as  cheap  and  far  more 
substantial  and  permanent  than  a  steel  bridge,  and  more  in  keeping 
with  the  massive  and  permanent  character  of  the  dam.  Each  bridge 
is  designed  to  abut  at  one  end  on  the  dam  and  the  other  end  on  the 
solid  rock  of  the  hill,  and  will  have  one  pier.  The  spans  of  each  bridge 
will  be  110  feet  and  75  feet  in  the  clear.  The  general  design  is  shown 
in  PL  XX.  They  are  both  similar  to  bridges  that  have  been  in  suc- 
cessful use  for  years  and  involve  no  new  or  untried  features. 

DAMAGES. 

The  surveys  show  about  7-40  acres  of  cultivated  land  that  will  be 
submerged  by  the  reservoir.  The  improvements  on  these  lands  consist 
mainly  of  small  frame  or  adobe  houses,  fences,  and  irrigation  ditches. 
It  is  thought  that  an  average  value  of  §50  per  acre  for  these  lands 
should  be  ample  to  include  all  improvements.  About  4,400  acres  of 
unimproved  land  is  also  in  private  hands,  and  has  little  or  no  value. 
Allowing  $1.25  per  acre  for  such  lands,  we  have  a  total  for  damages 
of  $42,500. 
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The  balance  of  the  I'eservoir  site — ^about  9,000  acres — is  pabli 
the  control  of  which  is  in  litigation,  and  will  not  be  included 
estimate. 

COST. 

The  following  estimates  are  based  upon  the  data  at  hand  in 
1902,  and  are  subject  to  modification: 

Estimated  cost  of  Salt  River  storage  dam. 
[247  feet  above  foimdation;  190  feet  available  storagre.    Capacity,  840,000  acre-fee 

257,420  cubic  yards  rubble  masonry,  exclusive  of  jwwer  and  cement,  at 

$8,50  a  yard 

Cement  plant 

Power  plant,  house,  and  canal 

Manufacture  of  150,000  barrels  Portland  cement,  at  $2  a  barrel 

Excavation  of  foundation  and  river  diversion 

Outlet  tunnels  and  lining 

Gates  and  machinery _ _ 

Outlet  towers,  shafts,  and  houses 

Viaducts  across  spillways 

Roads -- 

Engineering  and  contingencies,  15  per  cent _ 


Total  cost  of  structures _..  1, 

Damage  to  private  lands 

1.1 

Cost  i)er  acre-foot,  $2.27. 

The  cost  of  dam  20  feet  lower,  storing  600,000  acre- feet,  woj 
practically  the  same  for  all  items  except  the  masonr}''  and 
which  would  be  about  20  per  cent  less,  making  the  total  cosi 
$1,680,000,  or  !^2.75  -per  acre-foot  capacity, 
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WATER  RESOURCES  OF  THE  STATE  OF  COLORADO. 


Bv  A.  L.  Fellows. 


IXTRODUCTION. 

The  State  of  Coloiudo,  located  as  it  is  in  the  midst  of  the  Rocky 
Mountains,  the  crest  of  the  continent  crossing  it  from  north  to  south, 
and  comprising  as  it  does  a  vast  variety  of  physical  conditions,  vary- 
ing from  those  of  the  highest  mountain  regions,  where  vegetation 
ceases  to  flourish,  to  plains  where  fruits  almost  semitropical  ma\'  be 
raised,  furnishes  a  divei'sity  of  problems  connected  with  the  disposi- 
tion of  its  water  supply  unequaled  in  number  and  diflSculty,  perhaps, 
bv  those  arising  in  anv  other  State  in  the  Union.  The  snows  of 
winter,  falling  upon  the  continental  divide,  may  furnish  the  moisture 
by  which  the  herbage  and  trees  of  the  mountains  are  watered,  and  the 
watei*s  from  these  heights,  collected  in  rivulets  and  streams,  may 
supply  the  motive  power  for  operating  the  stamp  mills  for  the  mines 
of  the  State,  or  may  develop  electric  power  that  may  be  transmitted 
for  running  factories,  or  may  be  used  for  sifting  out  the  particles  of 
gold  in  the  placers  along  the  streams  of  both  the  Pacific  and  the 
Atlantic  watersheds.  Again  the  brooks  and  creeks,  collected  into 
larger  streams  or  rivers,  enter  the  broad  plains  of  the  eastern  half 
of  the  State  or  the  canyon  and  mesa  country  of  the  western  half,  and 
furnish  the  lifeblood  of  vast  irrigated  tracts,  where  crops  of  the  most 
diverse  kinds  may  be  raised  for  the  sustenance  of  countless  families, 
and  thus  become  the  assets  upon  which  agricultural  communities  may 
di-aw,  whether  they  are  dependent  upon  wheat  raising,  sugar  factories, 
potatoes  for  the  Eastern  market,  alfalfa  for  feeding  lambs  and  sheep," 
or  any  other  of  the  numerous  forms  of  agricultural  industry  practiced 
in  Colonido.  Its  water  supply  therefore  becomes  of  the  utmost  impor- 
tance to  the  State,  and  it  is  with  the  hope  that  the  compilation  of  all 
figures  readily  obtainable  bearing  upon  the  subject  may  prove  of 
interest  and  value  to  the  people,  not  only  of  Colorado,  but  of  States 
similarly  situated,  that  the  preparation  of  this  paper  is  undertaken. 

"Colorado  Agricultural  College  Bulletins. 
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SOURCES  OF  INFORMATIOX. 

For  a  period  of  about  sixteen  \^ears  the  measurement  of  streams  has 
been  carried  on  more  or  less  systematically  in  the  State  both  b}'  the 
Hydro^raphic  Division  of  the  United  States  Geological  Survey  and 
by  the  State  engineer's  office,  working  at  times  in  cooperation  and  at 
times  sepamtely,  but  always  with  the  same  end  in  view— that  of 
throwing  as  much  light  as  possible  on  the  discharge  of  the  streami^ 
and  of  determining  the  feasibility  of  storing  water  in  available  reser- 
voirs whenever  the  need  for  such  storage  should  become  apparent. 
The  discharge  measurements  given  in  this  paper  are  compiled  from 
the  records  of  these  offices.  When  the  different  records  are  found  to  he 
conflicting,  as  they  sometimes  appear  to  be,  credence  is  given,  after  care- 
ful consultation  with  those  most  intimately  acquainted  with  the  existing 
conditions,  to  tlie  one  appearing  to  be  the  most  likely  to  be  correct. 

The  records  of  the  United  States  Geological  Survey  and  of  the 
State  engineer's  office  are  the  two  principal  sources  from  which  the 
following  tables  are  compiled,  but  information  has  also  been  obtained 
from  engineers  located  in  different  parts  of  the  State  wherever  it  was 
possible,  and  in  such  cases  due  credit  is  given. 

The  drainage  areas  given  are  computed  from  the  General  Land 
Office  maps  by  means  of  the  planimeter,  these  being  the  figures 
accepted  in  the  reports  of  the  United  States  Geological  Survey.  The 
descriptions  of  streams  and  drainage  basins  and  of  reservoir  sites  are 
compiled  largeh^  from  bulletins,  irrigation  papers,  and  reports  pre- 
viously published,  but  to  a  considerable  extent  also  from  personal 
examination  and  knowledge.  In  the  computations  use  has  been  made 
of  the  tjibles  given  in  Bulletin  of  the  U.  S.  Geological  Survey  No. 
140,  pages  14  to  32,  and  Water-Supply  and  Irrigation  Paper  No.  27, 
page  96,  to  which  readers  are  referred  for  directions  concerning  the 
use  of  meter  and  computations  of  discharge.^  In  a  paper  of  the  size 
to  which  this  must  be  limited,  it  is,  of  course,  impossible  to  give  com- 
plete results  of  discharge  measurements  and  of  daily  gage  readings. 
It  has  been  thought  best,  therefore,  to  limit  the  data  given  for  each 
station  to  a  table  of  gagings  and  to  a  general  table  giving  the  average 
flow  for  each  month,  the  average  for  each  year,  the  maximum  and 
minimum  flow  for  each  year,  and  the  most  important  data  connected 
with  the  stream  measured.  With  each  table  is  given  a  brief  descrip- 
tion of  the  station  at  which  the  results  were  obtained,  showing  the 
value  of  these  results,  the  prevailing  conditions,  and  the  sources  from 
which  the  information  was  derived.     Beferences  are  made,  wherever 


«  See  also,  for  methods  of  making  measurements,  Annual  Reports  U.  S.  Geol.  Survey:  Tenth,  P»rt 
II,  pp.  78  to  86;  Eleventh,  Part  II.  pp.  2  to  22;  Fourteenth,  Part  II,  pp.  96  to  100;  Nineteenth.  Part  IV. 
pp.  18  to  81;  Twentieth.  Part  IV,  pp.  20  to  22.  Also,  State  Engineers'  Biennial  Reports:  Second,  pp. 
5  to  9;  Third,  p.  5;  Fourth,  pp.  69  to  88;  Fifth,  pp.  346  to  349;  Sixth,  p.  8;  Seventh,  pp.  196  to  217;  and 
Irrigation  Bulletin  No.  1. 
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they  are  deemed  desirable,  to  the  reports  or  water-supply  papers  of 
the  United  States  Geological  Survey  that  give  more  detailed  informa- 
tion, so  that  any  reader  looking  up  discharge  data  upon  any  particular 
stream  may  be  assisted  in  his  search  for  the  most  complete  informa- 
tion." For  greater  convenience  of  reference  the  following  table, 
showing  the  publications  most  fully  covering  the  hydrographic  work 
for  each  year  from  1883  to  1900  inclusive,  is  given  below: 

Reports  of  the  State  engineers  of  Cohmido, 

Second  Biennial  Report,  1883-1884. 

Third  Biennial  Report,  1885-1886. 

Fourth  Biennial  Report,  Parta  I  and  II,  1887-1888. 

Fifth  Biennial  Report,  Parts  I  and  II,  1889-1890. 

Sixth  Biennial  Seport,  1891-1892. 

Seventh  Biennial  Report,  Parte  I  and  II,  1893-1894. 

Eighth  Biennial  Report,  1895-1896. 

Ninth  Biennial  Report,  1897-1898. 

Tenth  Biennial  Report,  1899-1900. 

Puldicalions  of  the  United  States  Oeological  Survey. 

Tenth  Annual  Report,  Part  II,  1888. 

Eleventh  Annual  Report,  Part  II,  1889. 

Twelfth  Annual  Report,  Part  II,  1890. 

Thirteenth  Anniial  Report,  Part  III,  1891. 

Fourteenth  Annual  Report,  Part  II,  1892. 

Bulletin  No.  131,  Report  of  Progress  of  the  Division  of  Hydrography,  1893. 

Bulletin  No.  131,  Report  of  Progress  of  the  Division  of  Hydrography;  also  Six- 
teenth Annual  Report,  Part  II,  1894. 

Bulletin  No.  140,  Report  of  Progress  of  the  Division  of  Hydrography  for  the  Cal- 
endar Year  1895;  also  Seventeenth  Annual  Report,  Part  II,  1895. 

Eighteenth  Annual  Report,  Part  IV;  also  Water-Supply  and  Irrigation  Paper  No. 
11,  1896. 

Nineteenth  Annual  Report,  Part  IV;  also  Water-Supply  and  Irrigation  Papers 
Nos.  15  and  16,  1897. 

Twentieth  Annual  Report,  Part  IV;  also  Water-Supply  and  Irrigation  Papers  Nos. 
27  and  28,  1898. 

Twenty-first  Annual  Report,  Part  IV;  also  Water-Sapply  and  Irrigation  Papers 
Nos.  35,  36,  37,  38,  and  39,  1899. 

Twenty-second  Annual  Report,  Part  IV;  also  Water-Supply  and  Irrigation  Papers 
Nos.  47,  48,  49,  50,  51,  and  52,  1900. 

In  the  compilation  of  this  paper  assistance  has  been  given  })y  many 
different  persons  and  corporations  interested  in  the  use  of  water,  and 
to  all  these  thanks  are  extended.  The  attempt  has  been  made  to  give 
proper  credit  in  all  cases  where  such  assistance  has  }>een  furnished. 
The  illustrations  are  selected  from  photogi'aphs  made  under  the  aus- 
pices of  the  Survey,  and  from  those  furnished  by  parties  assisting  in 
the  preparation  of  this  paper. 

a  It  Is  not  intended  that  the  references  to  publications  relating  to  this  subject  shall  form  a  com- 
plete bibliography,  but  an  attempt  is  made  to  a&<(ist  the  reader  in  finding  some  of  the  most  easily 
obtainable  information  on  the  subjects  considered. 
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VAIiUE  OF  SUPPIiY. 

The  mining  industries  of  Colorado  depend  very  largely  upon  the 
water  supply  of  the  mountain  region  for  the  development  of  power 
bj'  which  stamp  mills  and  sampling  works  may  be  operated,  and  the 
mining  towns  are  dependent  upon  electric-light  and  power  plants 
operated  by  water;  and  the  mills  and  factories  of  the  State  are,  to  a 
greater  and  greater  extent,  being  run  by  the  same  means;  further,  the 
cultivation  of  between  two  and  three  millions  of  acres  of  land  is  made 
possible  by  water  used  in  irrigation;  and  when  it  is  seen  that  this 
water  supply  is  so  limited  that  the  normal  flow  of  very  many  of  the 
streams  is  entirely  exhausted  and  that  already  recourse  is  being  had 
to  storage  in  reservoirs,  built  to  conserve,  for  use  in  seasons  of  low  water, 
floodwater  that  would  otherwise  go  to  waste,  it  will  then  be  evident 
that  its  water  supply  is  of  the  greatest  moment  to  the  State.  This 
fact  has  been  recognized  by  the  people  themselves  ever  since  the  State 
was  formed,  and  a  complicated  system  of  laws  has  been  built  up 
controlling  the  water  and  its  distribution  among  consumers.  This 
subject  has  already  been  fully  treated  in  a  number  of  different  bulle- 
tins and  papers,  among  which  are  Water-Supply  and  Irrigation  Paper 
No.  9,  U.  S.  Geological  Survey,  and  Bulletins  Nos.  58  and  60  of  the 
United  States  Department  of  Agriculture,  as  well  as  the  Irrigation 
Laws  of  Colorado,  as  compiled  and  furnished  bj^  the  State  engineers 
office,  so  that  nothing  more  than  a  brief  discussion  as  to  the  owner- 
ship of  water  by  Colorado  is  necessary  at  this  time. 

By  the  State  constitution  the  water  is  declared  the  property  of  the 
State,  and  as  such  is  to  be  distributed  and  used  in  accordance  with  its 
occurrence  and  availability.  The  entire  system  of  State  laws  distribu- 
ting the  wat^r  among  consumers  is  based  upon  this  plan,  the  State 
engineer  being  made,  next  to  the  courts,  the  head  of  the  department 
having  immediate  supervision  of  the  subject,  and  being  the  final 
authority  on  questions  relating  to  the  use  of  water,  subject  to  appeal  to 
the  courts.  Next  to  him  and  his  deputies  are  the  superintendents  of 
the  various  irrigation  divisions,  of  which  there  are  6,  each  of  them 
comprising  lands  drained  by  one  of  the  six  principal  streams  of  the 
State;  namely,  the  South  Platte,  the  Arkansas,  the  Rio  Gi'ande,  the 
San  Juan,  the  Grand,  and  the  Green  rivers.  Each  of  these  divisions 
in  turn  is  divided  into  water  districts,  each  one  comprising  one  or 
more  of  the  tributaries  of  the  various  large  streams,  or  parts  of  the 
main  streams  themselves,  each  district,  of  which  there  are  69  in  the 
State,  being  under  the  supervision  of  a  water  commissioner,  whose 
duty  it  is  to  regulate  the  use  of  the  water  under  his  immediate  juris- 
diction, appeals  being  possible  from  the  commissioner  to  the  superin- 
tendent, from  the  superintendent  to  the  State  engineer,  and  from  the 
State  engineer  to  the  courts.     This  partition  of  the  State  into  divi- 
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sions  and  districts  will  be  treated  more  fully  later,  so  that  further 
description  is  unnecessary  at  present. 

The  uses  of  the  water  are  so  numerous  and  varied  that  the  adminis- 
tration of  the  laws  relating  to  water  is  very  difficult.  In  Colorado  the 
riparian  doctrine  does  not  obtain,  so  that  this  complication  is  removed — 
at  least  unless  decisions  should  be  rendered  in  the  United  States  courts 
acknowledging  such  rights  as  belonging  to  the  States  into  which  the 
streams  flowing  out  of  Colorado  run — but  the  complications  are  nu- 
merous enough  as  it  is.  The  supply  of  water  is  so  limited  compared 
with  the  demands  for  it  that  early  rights  or  priorities  become  of  the 
utmost  importance.  The  principal  uses  to  which  the  water  may  be 
put  may  be  classified  in  the  order  of  importance  as  domestic  use,  irri- 
gation, mining,  and  milling.  The  use  of  the  normal  flow  of  the  streams 
is  considered  as  of  first  importance,  the  use  of  stored  water  being  a 
matter  for  secondary  consideration. 

The  order  in  which  water  would  naturally  De  used,  nowever,  is  dif- 
ferent, and,  leaving  out  of  consideration  entirely  for  the  present  the 
fact  that  priority  of  use  may  determine  right  to  use,  it  is  obvious  that 
the  physical  nature  of  the  State  has  an  important  bearing  upon  the 
problems  of  use.  The  mines  being  situated  in  the  mountains,  and 
the  natural  conditions  being  usually  such*  that  the  clearest  and 
best  water  is  found  at  the  higher  altitudes,  it  is  evident  that,  other 
things  being  equal,  water  for  domestic  use  and  for  mining  would  be 
demanded  at  the  highest  available  points  upon  each  stream.  After  the 
water  begins  to  find  its  way  into  canyons  and  over  waterfalls — in  other 
words,  when  it  is  discharging  from  the  mountains  into  the  plains — the 
conditions  evidently  become  more  favorable  for  the  development  of 
power,  the  fall  of  the  streams  being  rapid,  and  the  quantities  being 
sufficient  for  such  use.  Again,  after  the  water  debouches  from  the 
mountainous  area  and  enters  the  plains,  it  is  evident  that  irrigation 
may  be  practiced  upon  a  broader  scale,  so  that  the  order  of  use  upon 
a  stream  would  naturally  be  domestic  use,  mining,  milling,  and  water 
power,  and,  finally,  irrigation. 

The  brief  discussion  of  the  uses  to  which  the  water  may  be  put  in 
Colorado  sufficiently  demonstrates  the  importance  of  the  subject.  It 
is  not  within  the  province  of  this  paper  to  treat  of  the  administration 
of  the  laws,  or  to  discuss  the  subject  of  priorities.  Its  intention  is 
simply  to  show,  so  far  as  possible,  how  much  water  is  available  for 
use  in  some  of  the  streams  of  the  State,  and  to  indicate  briefly,  by 
examples,  something  of  what  is  being  done  in  harnessing  this,  one  of 
the  greatest  dynamics  of  nature,  for  the  use  of  man.  At  the  same 
time  an  effort  will  be  made  to  show  the  necessity  for  the  storage  of 
the  waters  that  now  go  to  waste  in  the  winter  seasons  and  at  flood 
stages,  in  order  that  there  may  be  the  most  economical  and  thorough 
use  of  this  great  resource.     That  the  period  when  storage  is  demanded 
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is  already  at  hand  is  clear  to  all  students  of  the  hydrograph}'  of  the 
State,  for  the  normal  flow  of  the  majority  of  the  streams  is  already 
utilized  and  exhausted.  It  is  not  now  proposed  to  discuss  the  most 
economical  use  of  water — that  water  is  used  in  Colorado  most  extrava- 
gantly and  in  ways  that  would  not  be  tolerated  in  a  countr^'^  more 
advanced  in  scientific  irrigation  is  beyond  question — but  simply  to 
consider  the  present  use  of  water  and  endeavor  to  devise  methods  by 
which  this  use  may  be  extended,  so  far  as  possible,  under  existing 
conditions.  Necessity  will  compel  more  economical  use  in  the  future: 
but  the  present  most  urgent  need  is  that  the  water  which  now  goes  to 
waste  and  is  of  no  service  to  man  shall  be  conserved  so  as  to  be  availa- 
ble for  beneficial  use.  Such  streams  as  the  South  Platte,  the  Cache 
la  Poudre,  the  Arkansas  and  its  tributaries,  the  Rio  Grande,  and 
numerous  other  streams,  furnish  normally  an  insuflScient  supply  for 
present  needs,  but  if  the  flow  could  be  equalized  by  the  storage  of 
water  in  reservoirs  the  irrigated  area  in  Colorado  might  be  greatly 
extended.  The  importance  of  this  fact  is  already  felt,  and  in  many 
places,  as  upon  the  Big  Thompson,  the  Cache  la  Poudre,  and  the 
Arkansas,  considerable  water  is  already  being  stored,  to  the  great 
benefit  of  the  oeople  within  the  irrigable  territory  lying  below  the 
reservoirs. 

RUN-OFF. 

The  physical  conditions  affecting  the  nm-off  in  the  State  of  Colorado 
are  so  various  that  it  is  impossible  to  fornuilate  an  even  approximately 
correct  rule  as  to  the  percentage  of  the  rainf  al  1  carried  from  the  drainage 
area  into  the  streams.^  In  case  of  a  violent  storm  of  the  nature  of  a 
cloud-burst  in  a  rocky,  mountainous  district,  iis  much  as  75  or  80  per 
cent  of  the  precipitation  may  i>e  collected  into  the  nearest  streams;  it 
will,  however,  l)e  largely  taken  up  b}'  percolation  into  the  soil  before 
it  has  run  a  very  great  distance.  On  the  other  hand,  a  great  amount 
of  water  falling  gently  upon  a  sandy  plain  may  be  entirely  absorbed 
by  the  soil  and  may  evapoi*ate  before  any  water  whatsoever  has  run 
off.  Computations  of  the  percentage  of  run-off  are  often  misleading:, 
also,  from  the  fact  that  water  is  being  constantly  taken  out  of  the 
various  streams  for  irrigation.  For  example,  no  accurate  estimate 
could  be  made  from  the  discharge  of  the  Arkansas  River  at  Rocky- 
ford  as  to  the  percentage  of  run-off  from  the  drainage  area  above,  ai^ 
water  is  constantly  being  taken  out  for  reservoirs  and  for  direct  irripi- 
tion,  and  the  amount  so  taken  can  hardlv  be  calculated  unless  a  com- 
pletc  record  is  made  of  the  intake  of  each  canal,  whether  large  or 
small,  along  the  Arkansas  and  all  its  tributaries.  Where  there  are  no 
irrigating  canals  or  ditches  along  a  stream  it  is  comparatively  easy  to 
determine  the  percentage  of  the  total  precipitation  contained  in  the 

"See  alTO  Biennial  Reports  of  the  State  Engineer:  Second,  pp,  10-lS;  Fourth,  pp,  17-23, 
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run-oft  at  a  given  point;  but  when  water  is  diverted  from  a  stream  in 
such  quantities  that  only  a  comparatively  small  portion  returns,  the 
determination  of  run-oflf  be(*omes  difficult.     Where  gaging  stations  are 
located  at  the  mouths  of  can3'ons,  however,  above  which  there  is  little, 
if  any,  diversion,  the  percentage  may  be  determined  with  reasonable 
accuracy,  although  even  then  it  is  difficult  to  find  ix)ints  on  any  of  the 
streams  above  all  divei*sion  for  irrigation  and  yet  far  enough  down  to 
be  of  great  use  in  the  determination  of  run-off.     For  example,  on  the 
St.  Vrain,  the  discharge  at  the  gaging  station  at  Lyons  will  not  give 
correctly  the  run-oft'  of  the  drainage  basin  above,  for  the  reason  that 
meadows  are  being  irrigated  at  places  far  above  the  gaging  station. 
The  Boulder,  again,  is  at  times  losing  water  that  is  being  stored  in 
reservoirs  high  up  in  the  basin,  and  such  is  the  case  with  the  majority 
of  the  other  streams.     For  these  reasons  no  attempt  has  l)een  made  to 
determine  what  relation  the  total  precipitation  bears  to  the  run-off. 
Readers  interested  in  these  computations  are  referred  to  Part  IV  of 
the  Twentieth  Annual  Report  of  the  United  States  Geological  Survey. 
That  the  run-off  does  depend  upon  the  precipitation,  however,  is 
self-evident,  and  for  this-  reason  a  table  giving  the  precipitation  at 
various  points  in  the  State,  beginning  with  the   year  1896,  is  fur- 
nished.    A  comparison  of  the  depth  of  the  run-off  in  inches,  as  given 
in  the  tables  of  discharge,  with  the  precipitation  in  inches  for  a  given 
year,  will  give  an  approximate!}'  correct  idea  of  the  amount  of  water 
flowing  in  a  stream  at  any  given  point." 

Xomial  temperature  and  precipitation  at  stations  in  Colorado. 

[Compiled  from  the  records  of  the  Office  of  the  l*.  S.  Weather  Bureau,  at  Denver,  Colo.    V.  H.  Brand- 
enburg, section  director.] 


Station. 


County. 


Flf»v«     Lensrth  Normal  I 
tion      ^^  '?^"  ^^""P*''^"' 


Precipitation  (in  inches). 


ord. 


ature. 


South    Platte 
drainage: 

Boxelder 

Laporte 

Fort  Collins. 

Greelej* 

Moraine  — 

Dumont 

Denver 

Castlerock . . 

Hamps 


Feet. 

I 

Larimer 6, 950 

do '  5,069 

do 4,995 

Weld 4,637 

Larimer 7, 900 

Clear  Creek  . .  8, 000 

Arapahoe 5, 291 

Douglas 6,220 

Elbert 5,50C 


Yearif. 
10 
10 
20 
11 
11 
10 
29 
10 
8 


46.8 
47.5 
40.6 

49.8 
46.3 
45.8 


'  Normal 


1900    |V»l'^^->' 
^•^""-  1  inclu- 


sive. 


16. 46 
14.37 
13.86 
11.83 
17.56 
IS.  59 
14. 15 
18. 50 
12. 20 


oSee  Reports  of  the  Weather  Bureau;  also  U.  S.  Geological  Survey  Reports:  Tenth,  Part  II,  pp.  13-14; 
Eleventh.  Part  II.  pp.  23,  25,  205,  214,  251,  and  281;  Twelfth,  Part  II,  pp.  226,  2:30,  231,  and  245;  Thir- 
teenth, Part  III,  pp.  25,  28,  and  153;  Fourteenth,  Part  II,  pp.  150-152;  and  Biennial  Reports  of  the 
State  Engineers  of  Colorado:  Second,  pp.  l-i-17:  and  Fifth,  Part  I,  p.  534.  Also,  Report  on  Agriculture 
by  Irrigation,  Eleventh  Census,  by  F.  H.  Newell,  p.  91. 
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Normal  tempenUure.  und  precipitation  at  stations  in  Colorado— Contmued, 


station. 


County. 


Eleva- 
tion. 


KaiiNHs  drainag:e: 

Leroy 

Yuma 

Wray 

Cope 

Fox 

Selbert 

Cheyenne 
Wells. 

Arkansas  drain- 
age: 

Lake    Mo- 
raine. 

Gleneyre 

Colorado 
Springs, 

Leadville . . . 

Twin  Lakes. 

Canyon  

Pueblo 

Rockyfonl  .. 

Ijas  Animas . 

Lamar 

Westcliflfe... 

Clear  View.. 

Hoehne 

Springfield.. 

Vilas 

Rio    Grande 
drainage: 

Saguache  . . . 

San  Luis 

Ban  Jimn  drain- 
age: 

Durango 

Mancos 

Grand  drainage:  ' 

Breckenridge  I 

Parachute  . . . , 

G.  S.  ranch  . . 

Grand  June- 1 
tion 

Cedar  Edge.. 

Delta 

Antlers ' 

Green  dtalnaKe: 

Meeker 

Pagoda I 

Lay j 


Logan  

Yuma 

do 

Arapahoe.. 

do 

Kit  Carson  . 
Cheyenne  .. 


El  Paso 


Feet. 
4,380 
4,128 
3,512 


.do 
.do 


Lake 

do 

Fremont 

Pueblo 

Otero 

Bent 

Prowers  — 

Custer 

Las  Animas 

do 

Baca 

do 


4,70& 
4,259 


10,268 

6,500 
6,098 

10,185 
9,200 
5,363 
4,734 
4,177 
8,892 
8,592 
7,8« 
9,500 
5,721 
4,400 
4,158 


Length 
of  rec- 
ord. 


Yearf. 
12 
10 
/ 
9 
9 
9 
8 


Saguache. 
Costilla... 


La  Plata 

Montezuma  .. 


Summit 
Garlleld 
Mesa  ... 


do.. 

Delia . . . 

do.. 

Garfield 


Rio  Blanco  . . 

Routt 

do 


a  Record  incomplete. 


9 

21 

8 
7 

12 

12 

12 

33 

11 

8 

11 

9 

9 

10 


7,740  1 

10 

7,596  i 

10 

6,5»4 

8 

7,008  ■ 

1 

2 

1 

9,524  ' 

12 

,5,105  \ 

9 

5,200 

14 

4,6as  i 

10 

6,175  ; 

9 

4,980  , 

12 

5,350  1 

15 

6, 182 

8 

6,600  ^ 

9 

6,200 

1 

Normal 
temper- 
ature. 


48.1 


50.1 


46. 


42.0 
42.3 


47.3 
45.6 


Precipitation  (in  inches). 


I 


1896.  I   1897. 


1898. 


Xo99. 


1900. 


NonnAl 
10 1«9. 
inclu- 
sive. 


14.18 
15.84 
16.68 
(«) 
(«) 
14.42 


18.48 
18.30 
20.19 

(") 
17.19 
20.94 


14.95 

20.89' 

18.71 

28.48 

20.84 

18.65 

18.  .'iO 


19,70  '  :«.32  '  23.14 


7  I  15.63 
13.  M 


(") 

(«) 

I 

(a)       15.51 

(«)  («) 

11.96  I  n.l3 
10.31  i  12.71 


9.74 

11.81 

(«) 
18.27 

24.00 

16.05 

(«) 
(«) 


(«) 
12.31 


(«) 
10.89 
15.10 

(«) 
31.76 
U.80 

(«) 
(«) 

8.84 
13.93 


(«) 

12.27 

(«) 
11.46 

10.86 

16.04 

15.63 

17.84 

16.88 

27.81 

14.07 

20.75 

(«) 

8.06 
14.20 


13.22 
14.61 
10.74 

(") 
10.06 
12.62 
14.01 


14,74 
17.98 
18.24 
21.47 
19.92 
20.79 
18.60 


(«) 
8.81 

19.86 

(«) 

9.80 
13.05 
18.68 
12.11 
19.64 
12.81 
18.49 
12.36 
12.78 
1.5.48 


5.96 
10.04 


I 


38.2  '  24.03 

49.8  I     («) 
52.1  I     («) 


49.2 


8.22 
9.33 

(") 


24.93  16.27  ,  14.49 

(o)     !  (a)  '  12.35 

1  I 

24.49  ,  16.29  <  29.41 

(a)     !  (a)  i  18.14 

14.46  t  8.37  '  13.17 


U.IO 
15.06 
11.87 
17.92 


6.45 
9.48 
4.72 
9.16 


41.1 


16.28 

24.30 

13.34 

17.38 

29.13 

18.92 

14.04 

(«) 

(«) 

10.87 

10.90 

8.44 

15.81 

20.  a^ 

24.06 


19.34 
I  13.64 

13.50 

'  13.76 

I  14.34 

18.87 

16.60 

15.48 

I  19.64 

16.31 

23.08. 

13.30 

22.68 

19.66 


6.25 
10.16 


9.86 
12.44 

14.62 
7.89 
6.09 

3.64 
9.67 
5.19 
5,82 

(") 

12.32 

7.60 


b  Normal  to  1898,  inclusive. 


15. 10 
16.6;^ 
15. 13 
IS  42 
XhM 
14.31 
15.76 


18.69     33.46  >     22.55 


1S.» 
14.13 

H.21 
Ih.'St 
11.70 
11.5a 
13.52 
11.  W 
15. 17 
17. » 
24.23 
13.92 
18.  K 
13.74 


7.52 
13. » 


17.96 
(«) 

29.44 
11.37 
U.77 

11. ?« 

S.7'' 

616.92 

20.53 
13.  <5: 


As  has  been  suggested,  the  run-off  of  a  mountainous  area  will  differ 
very  considerably  from  the  run-off  of  an  equal  area  on  the  plains.    A 
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given  amount  of  precipitation  in  South  Park,  for  example,  will  fur- 
nish to  the  same  stream  a  very  much  greater  run-off  than  the  same 
amount  of   precipitation  on  the  plains  north  of  Sterling,  the  more 
roc'ky  and   broken  by  ravines-  the  territory  the  greater  being  the 
jx^rcentage  of  run-off.     The  character  of  the  rock  formation  and  the 
nature  of  the  canyons  through  which  the  water  flows  also  have  impor- 
tant bearings  upon  this  percentage.     Twelve  inches  of  precipitation 
on  the  headwaters  of  the  Arkansas  will  furnish  a  greater  percentage 
of  run-off  than  the  same  amount  falling  on  an  equal  area  of  the  Mesa 
Verde,  in  southwestern  Coloi-ado,  the  rock  in  the  former  case  absorb- 
ing little  water  and  the  soil  being  of  such  nature  that  the  water  does 
not  percolate  through  it  to  a  very  great  extent,  and  the  rock  in  the 
latter  case  being  a  soft  sandstone  and  the  luvines  having  sandy  beds. 
For  these  reasons  it  is  evident  that  to  detennine  the  run-off  at  any 
particular  point  a  series  of  stream  measurements  must  be  made,  for 
determinations  based  solely  on  the  precipitation  of  a  region  would  be 
only  approximate. 

The  effect  of  forests  in  conserving  moisture  and  in  rendering  the 
discharge  of  the  streams  more  equal  throughout  the  year  is  thor- 
oughly demonstmted  and  generally  admitted.^  Whether  or  not  the 
presence  of  forests  increases  precipitation  in  a  given  territory  is  of 
little  importance  compared  with  the  question  of  the  extent  to  which 
the  forest  keeps  back  the  floods  of  the  spring  and  early  summer  for 
later  use.  An  examination  of  discharge  tables  obtained  at  stations 
that  have  been  long  maintained  will  show  that  the  high-water  stage  is 
becoming  each  year  earlier  and  of  shorter  duration.  It  is  self-evident 
that  anything  that  will  tend  to  equalize  the  flow  of  streams  through- 
out the  y^ear  has  an  important  bearing  on  the  use  of  water.  A  given 
stream  may  be  adequate  to  irrigate  all  the  cultivable  land  along  its 
borders  if  its  water  can  be  properly  distributed  throughout  the  irri- 
gating season.  When,  however,  as  is  the  case  upon  many  streams,  the 
water  runs  off  rapidly  in  May  and  in  the  early  part  of  June,  it  will 
happen  that  while  there  is  a  great  sui-plus  of  running  water  during  the 
early  part  of  the  year,  yet  the  stream  may  be  nearly  di'y  at  a  time 
when  a  great  deal  of  water  is  needed  for  irrigation.  This  is  the  case, 
for  example,  upon  the  Mancos  River,  in  the  southwestern  part  of  the 
State,  in  which  during  the  month  of  May  enough  water  goes  to  waste 
to  furnish  all  the  adjacent  irrigable  land  with  a  sufficient  supply  if  it 
could  be  properly  stored. 

In  studying  this  question  one  should  not  fall  into  the  error  of  sup- 
posing that  in  order  to  make  the  most  economical  and  satisfactory  use 
of   the  water  the   supply  should  be   equal  throughout  the  summer 

aSoe  Fifth  Biennial  Report  of  the  Suite  Engineer  of  C\)lorado,  p.  43;  Bulletin  No.  56,  Colorado 
Agricultural  Experiment  Station:  Twentieth  Annual  Report,  U.S.  Geological  Survey,  Part  V,  and 
reports  of  the  Forestry  Division  of  the  Dejwirtmeut  of  Agriculture, 
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season.  Usually  more  water  is  needed  in  the  latter  part  of  May  and 
in  early  June  than  would  be  required  in  any  other  month;  that  is  to 
say,  the  duty  of  water — the  area  of  land  that  may  be  served  by  a 
given  quantity  of  water — is  least  in  May  and  June,  and  increases  rap- 
idly toward  the  end  of  the  season,  so  that  it  would  be  a  mistake  to 
suppose  that  if,  for  example,  100  cubic  feet  per  second  were  required 
for  a  given  area  at  the  time  when  most  water  was  needed,  that  provi- 
sion must  also  be  made  for  a  flow  of  100  cubic  feet  per  second  regu- 
larly throughout  the  remainder .  of  the  so-called  irrigation  season. 
Such  a  run  of  water  at  a  time  when  little  of  it  was  l)eing  used  could 
not  do  otherwise  than  cause  great  damage  by  washing  away  the  soil 
and  making  swamps  of  the  lowlands.  The  amount  of  water  used  at 
various  seasons  will  depend  largely  on  the  kind  of  crops  raised  and  on 
the  nature  of  the  season.  This  phase  of  the  irrigation  problem  is 
being  studied  by  the  Agricultural  Department,  and  a  number  of  bul- 
letins and  papers  have  already  been  written  on  this  subject,^  as  well 
as  on  loss  of  water  by  seepage  and  evaporation.*  It  is  therefore  suffi- 
cient here  to  call  attention  to  the  facts  that  when  the  run-oflF  is  the 
greatest  the  use  of  water  is  also  generally  the  greatest,  and  that  the 
amount  of  water  required  diminishes  somewhat  as  the  normal  supply 
itself  diminishes,  only  less  rapidly;  so  that  the  most  economiciil  use 
of  the  water  of  a  given  stream  is  obtained  when  all  the  land  along 
that  stream  is  cultivated  that  can  be  supplied  with  water  directly  from 
the  stream  itself  for  about  two  months  of  the  year,  the  balance  of  the 
supply  l)eing  stored  from  waters  that  would  othei*yvise  have  gone  to 
waste  during  the  high  stages,  and  the  amount  of  land  cultivated  being 
so  regulated  that  practically  all  of  the  water  is  used. 

On  streams  where  there  is  no  flow  normallv,  as  is  usuallv  the  case 
with  the  streams  of  the  plains,  the  supply  consisting  almost  entirely 
of  a  discharge  lasting  a  few  hours  only  during  and  after  storms,  the 
situation  is,  of  course,  different.  If  all  of  the  water  of  such  streams 
can  be  stored  in  reservoirs,  it  may  be  drawn  oflf  gradually  and  used 
for  irrigation.  The  chief  difficulties  in  such  cases  are  that  the  water 
usually  comes  down  in  grejit  quantities  very  heavily  laden  with  silt, 
so  that  it  is  almost  impracticable  to  construct  canals  that  will  carry  it 
without  either  erosion  or  filling,  and  that  reservoirs  constructed  in  the 
beds  of  such  streams  usually  fill  with  sediment  very  (juickly.  Some- 
times, however,  a  stream  is  so  fortunate  in  its  situation  and  regimen 

(I Bulletins  of  the  V.  S.  Dopiirtment  of  Agrlcjulturc,  Office  of  Experinieiit  Stations,  Nos.  73,  81,  ainl 
86,  and  Bulletin  No.  2:1  of  the  Agricultural  Experiment  Station  at  Fort  Collins,  Colo.,  and  r.  S. 
Geological  Survey  Annual  Reports  as  follows  (see  indices  of  name,  under  Duty  of  Water):  Tenth, 
Part  II;  Eleventh.  Part  II;  Twelfth,  Part  II:  Thirteenth.  Part  III;  and  Fifth  State  Engineer's  Report, 
p.  46;  Sixth,  p.  67:  Seventh,  p.  7;  Eighth,  p.  20;  Ninth,  pp.  17,  51,  and  59.  Also  Report  on  Agricul- 
ture by  Irrigation,  Eleventh  Census,  by  F.  H.  Newell,  p.  95. 

^Bulletins  Nos.  45  and  48,  Agricultural  Experiment  Station,  Fort  Collins,  Colo.,  and  U.  S.  GeoU* 
ical  Survey  Annual  Reports  ns  follows  (see  indices  of  same,  under  Evaporation):  Eleventh,  Part  II: 
Twelfth,  Part  II;  Thirteenth,  Part  III;  Fourteenth.  Part  II;  Twentieth,  Fart  II;  also  Bulletin  No.  110. 
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that  a  considerable  portion  of  it«  water  may  be  drawn  away  from  the 
channel  in  which  it  flows  and  diverted  to  some  adjacent  reservoir  site. 
The  chief  diflTerences,  therefore,  between  a  mountain  or  perennial 
stream  and  one  flowing  on  the  plains  are  that  irrigation  may  be  prac- 
ticed from  the  first  by  water  taken  directly  from  the  stream,  while  the 
water  from  the  second  must  be  stored  before  it  can  be  used,  and  that 
the  water  of  one  is  comparatively  clear,  while  that  of  the  other  is 
inordinately  filled  with  silt. 

The  storage  of  surplus  water  is  a  great  problem  in  itself.     In  many 
localities  where  there  is  plenty  of  water  that  is  going  to  wai?te  no  sat- 
isfactory reservoir  sites  are  available;  on  the  other  hand,  many  of  the 
Ijest  reservoir  sites  of  the  State  are  in  localities  where  it  is  difticult  to 
get  water  to  them  from  the  natural  streams.     Few  people,  compara- 
tively speaking,  realize  how  large  a  reservoir  must  be  to  supply  any 
considerable  amount  of  land  with  water  for  irrigation.     Those  who 
have  reservoir  propositions  in  view  should  bear  in  mind  that  where 
land  is  to  be  irrigated -entirely  by  means  of  the  water  stored  in  a  res- 
ervoir it  wnll,  making  all  necessary  allowances,  take  approximately 
2  acre-feet — that  is,  2  acres  covered  with  water  1  foot  deep,  or,  what 
amounts  to  the  same  thing,  1  acre  covered  with  water  2  feet  deep — 
to  irrigate  a  single  acre  of  land  for  a  season;  so  that  to  irrigate  1,(K)0 
:i<res  of  land  would  require  a  reservoir,  let  us  sa}',  covering  an  area 
of  100  acres  20  feet  deep,  if  all  the  water  is  to  be  derived  from  this 
source  and  none  directly  from  the  stream.     This  suggestion  is  made 
for  the  reason  that  persons  often  recommend  the  examination  of  a 
reservoir  site  which  they  say  would  store  water  for  a  w4iole  tow^n- 
ship,  whereas  in  reality  it  would  furnish  little  more  than  enough  for 
stock  use  for  a  good-sized  cattle  ranch.     That  there  are  many  avail- 
able reservoir  sites,  however,  throughout  the  State,  is  }>eyond  (|ucs- 
tion,  and  information  and  datd  concerning  such  sites  is  always  gladly 
received.     A  few  of  the  more  important  sites  already  examined  will 
be  mentioned  from  time  to  time  in  this  paper. 

WINTER   I>18CIIAUGE. 

In  compiling  the  tables  given  hereafter  the  records  for  the  winter 
months  have  usually  been  accepted  as  f  urnislied  by  the  observers.  It 
is,  however,  unsafe  to  trust  these  records  unreservedly,  for  in  nearly 
all  of  our  mountain  streams  ice  gorges  are  constantly  ])eing  formed  in 
winter,  changing  the  velocity  of  the  current  and  the  gage  height 
recorded  by  the  observer  without  materially  changing  the  discharge 
of  the  stream.  It  is  often  safer  to  strike  an  average  ])etween  the 
November  flow  and  the  flow"  of  about  the  middle  of  March  or  the  first 
of  April  following  than  to  trust  to  the  apparent  discharge  as  derived 
from  the  observations.     For  this  reason  the  winter  discharge  has  been 
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omitted  from  a  number  of  stations  where  the  figures  if  given  would 
have  been  absolutely  misleading;  they  are  retained,  however,  in  a  few- 
stations,  and  where  any  false  impression  might  arise  from  the  figxire,s 
given,  attention  is  called  to  that  fact  in  a  footnote. 

KXPJ^AKATION   OF  TABIiES. 

In  general  the  ta])les  given  in  this  paper  are  summarized  from  all 
available  data.  For  stations  where  records  exist  for  from  one  to  three 
years  only  the  discharge  is  given  for  each  year  individually,  but  for 
stations  where  records  have  been  maintained  for  four  or  more  vear^ 
the  average  discharge  is  usually  given  for  each  month  during  which 
the  record  was  kept  and  these  averages  are  again  averaged,  giving  a 
normal  discharge  for  each  month  as  computed  for  that  month  of  each 
\'ear  during  which  records  were  kept,  these  being  again  averaged  for 
a  normal  year  or  that  portion  of  the  year  covered  by  the  records. 
The  discharge  in  second  feet  per  scjuare  mile  given  in  the  vertical  col- 
umns in  these  tables  is  the  amount  corresponding  to  the  average  How 
for  the  same  m<mths  or  periods,  tlie  depth  in  inches  being  derived 
directly  from  the  flow  in  second  feet  per  square  mile  and  correspond- 
ing thereto.  The  discharge  for  that  portion  of  each  year  covered  by 
th(*.  record,  or  for  the  whole  vear,  as  the  case  mav  be,  is  averasjed  and 
placed  below  the  record  for  that  year.  The  number  of  acre-feet  given 
is  in  each  case  the  corresponding  amount  for  the  period  covered.  The 
number  of  second-feet  per  scjuare  mile  is  d(u*ived  from  the  average  flow 
for  the  period  covered,  and  the  depth  of  run-off  in  inches  is  derived 
from  them,  usually  for  a  thirty-day  period,  ])utat  times  for  the  entire 
year  or  for  the  entire  period  t^overed,  the  variations  being  mentioned 
in  the  accompanying  footnote  in  each  case.  It  is  believed  that  the 
footnote  accompanying  each  bible  is  sufficient  for  further  explanation 
of  the  ttible. 

lUIlIGATIOX  8Y8TEM. 

As  has  alreadv  ))een  mentioned,  the  State  of  Colonido  is  divided 
into  six  irrigation  divisions,  each  comprising  a  considerable  portion 
of  the  State,  drained  usuallv  bv  a  sint^fle  stream  and  its  tributaries, 
these  divisions  being  in  their  turn  divided  into  districts  (sec  PL  I), 
as  will  ])e  more  fullv  describt^d  later. ^' 

The  six  divisions  are  as  follows:  Division  No.  I,  or  S(mth  Platto 
River;  No.  II,  or  Arkansas  Uiver;  No.  Ill,  or  Rio  Grande;  No.  IV, 
or  San  Juan  River;  No.  V,  or  Grand  River;  No.  VI,  or  Green  River: 
each  consisting  in  general  of  the  territory  drained  by  the  stream 
(with  its  tributaries)  from  which  the  division  takes  its  name. 


«Biill('tinH  Nos.  ."SH,  GO,  niul  73.  Oflice  of  Kxperiment  SUitions,  U.  S.  DepRrtment  of  Ajrricultfir-. 
Water-supply  and  Irrigation  Paper  No.  9,  U.  S.  Geological  Survey,  and  reports  of  the  State  Eiigliit^.-T»^ 
of  (Colorado. 
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SOUTH  PLATTE  DIVISION. 
DRAINAGE. 

DiviBion  No.  I,  or  South  Plutte  liiv^or  division,''  consists  of  the  terri- 
torv  drained  by  South  Platte  River  and  its  trilnitaries,  ])ut  includes  also 
North  Park,  drained  bv  the  North  Platte  and  its  tributaries,  in  which 
are  located  water  districts  Nos.  46,  47,  and  48.  \Vat(^r  district  No.  05 
is  also  included,  which  covers  the  territory  within  the  northern  half 
of  the  Kansas  River  Basin  in  Colorado  drained  by  Frenchman  Creek, 
the  North  Fork  of  tlie  Republican,  and  the  Arikaree.  The  two  latter 
streams,  how^ever,  in  district  No.  05,  are  of  little  importance,  so  far 
as  irrigation  in  Colorado  is  concerned,  as  they  head  too  near  the  east- 
ern border  of  the  State  and  carrv  too  small  amounts  of  water  to  be  of 
iiuich  value.''  The  countrv  drained  ])v  these  streams  varies  in  altitude 
from  about  5, GOO  down  to  »S,8<M)  feet  a]K)ve  s(mi  Ic^vel.  This  area  is  what 
has  been  known  in  the  ptist  as  the  rain-belt  countrv,  and  for  somt*  years 
there  was  a  general  ])elief  that  farming  could  be*  practiced  success- 
fully in  that  region  without  irrigation,  ])ut  such  farming  has  not  been 
found  to  be  profitable,  and  agriculture  in  that  section  hereafter  will 
he  generally  limited  to  small  tracts  that  can  be  irrigated,  either  directly 
from  the  streams  or  by  means  of  storage.  In  some  cases  artesian 
wells  produce  a  flow  sufficient  for  stock  use  and  for  the  cultivation  of 
small  patches  of  ground.  No  gaging  stations  have  been  established 
upon  any  of  these  streams. 

The  streams  of  North  Park  are  of  more  importtmce.  District  No. 
40  consists  of  the  territory  drained  by  the  North  Platte  proper  in 
Colorado  as  far  down  as  its  junction  with  Middle  F'ork.  No.  47  con- 
sists of  the  territory  drained  by  the  Middle  Fork  and  its  tributaries 
and  the  North  Platte  below  its  junction  with  Middle  Fork.  No.  4S 
consists  of  the  drainage  basin  of  the  Laramie  and  its  tributjiries. 
The  territorj'^  comprising  North  Park  is  in  general  a  rolling,  more  or 
less  timbered  country,  with  numerous  small  streams  flowing  through 
it.  The  principal  industr}-  is  stock  raising,  crop  raising  being  limited 
to  hay  and  grain.  Little  irrigation  is  practiced,  this  being  limited 
principally  to  hay  meadows.  On  the  Laramie,  however,  a  com- 
plication arises  from  the  fact  that  a  canal,  called  Skyline  canal, 
takes  a  considerable  portion  of  the  upper  tributaries  across  the  divide 
into  the  draijiage  of  the  South  Platte  River,  taking  water  away  from 
the  State  of  Wyoming  and  using  it  in  the  drainage  basin  of  the  South 
Platte.^    No  measurements  are  made  in  Colorado  upon  the  tributaries 

aState  Engineers'  Reports:  Second,  p.  20;  fourth,  j)]).  35  and  4Ck  fiftli,  p.  G3,  ami  sixth,  p.  67.  For 
details  coneerning  the  different  districts,  sre  the  liiennial  RoiM)rts  of  State  Engineers;  also  Report  on 
Agnciilture  by  Irrigation,  Eleventh  Census,  l)y  F.  H.  Newell,  p.  1>1  et  seq. 

''See  liat  ol  miscellaneotw  measurements,  page  09. 

<'See  Hayden's  Reports;  al.so  Nineteenth  Annual  Report  U.  8.  Geoloi^ieal  Survey,  Part  IV,  p.  300; 
Twentieth  Annual  Report,  Part  IV,  p.  39:};  \Vater-Supi)ly  and  Irrigiitu)ii  Paper  No.  9,  p.  42.  Also 
Report  on  Agriculture  by  Irrigation,  Eleventh  (Vusus,  by  F.  II.  Newell,  p.  97,  etc. 
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of  th(»  North  Platto,  but  a  station  has  been  maintained  for  some  years 
upon  the  Laniinie  at  Woods,  in  Wyoming,  a  few  miles  north  of  the 
State  lino,  and  the  results  of  these  measurements  are  given  in  the 
table  for  the  Laramie  at  that  point  (page  60). 

The  South  Platte  River  itself  rises  in  South  Park  and  flows  in  a 
generally  northeasterly  direction  to  the  northeast  corner  of  the  State, 
which  it  leaves  at  a  point  a  short  distance  l>elow  Julesburg.  The 
drainage  basin  has  ))een  so  fuU}'^  described  in  previous  reports  and 
irrigation  pai)ers  that  only  a  brief  description  is  necessary,  the  i-eader 
being  referred  to  those  already  printi*d."  In  general,  the  western  side 
of  the  division  is  vorv  mountainous,  the  main  stream  itself  and  all  the 
trilmtaries  of  that  section  issuing  from  high  mountains  through  deep 
canyons,  many  of  them,  however,  draining  parks  at  the  headwaters, 
where  stock  niisingf  and  some  cultivation  of  hav  is  carried  on.  From 
the  eastc»rn  slope  of  the  foothills  to  the  eastern  boundary  of  the  State 
the  countr}'  is  of  the  j)lains  character,  and  the  streams  draining  this 
section  are  torrential  in  their  nature.  The  normal  flow  throughout 
this  entire  division  is  claimed  and  used  for  irrigation,  but  in  the  high 
stages  of  the  streams  and  in  the  winter  season  a  great  deal  of  water 
goes  to  waste  which  might  }>e  stored  in  suita})le  reservoirs. 

The  water  districts  now  included  in  this  division  are  Nos.  23,*  8,^  2,'' 
1,'' and  <>4,'' on  the  South  Platte  liiver;  No.  9,-^  comprising  the  terri- 
tory drained  by  Bear  Creek;  No.  7,^  by  Clear  Creek;  No.  (5/  by 
Boulder  (3reek;  No.  5,^'  by  St.  Vrain  Creek;  No.  4,'  by  Big  Thompson 
Creek;  No.  3,*  by  Cache  la  Poudre  River;  Nos.  46,  47,  and  48,-^'  by 
tributjiries  of  North  Platte  River;  and  No.  65  by  tributaries  of 
Kansas  River,  the  latter  district  ]>eing  more  properly  outside  of  the 
South  Platte  River  division,  although  legally  a  jmrt  of  it. 

STREAM    MEASUREMENTS. 

The  following  stations  have  been  maintained  for  a  greater  or  less 
time  in  or  near  the  South  Platte  division:  Cheesman  Lake,  Platte  Can- 
yon, Denver,  and  Orchard  on  South  Platte  River;  Morrison,  on  Bear 

"See  V.  S.  (k'oloKical  ami  (JfOKrapliical  Survey  Terr.,  Haydeu,  1875  and  1876.  Annual  Reports 
TJ.  S.  (tcological  Survey:  Tenth,  1  art  II.  i».  (\9;  Thirteenth,  Part  III,  p.  82;  Sixteenth,  I>art  II,  p.  M2: 
Eighteenth,  Part  IV,  p.  ln\);  Nincti-enth.  Part  IV,  p.  311;  Twentieth,  Part  IV,  p.  277;  Twenty-fiwt, 
Part  IV,  p.  200.  Also  Bulletins  No.  i:il,  p.  HO.  and  No.  140,  p.  102;  Water-Supply  and  Irrigntion  Paper 
No.  37,  p.  221;  No.  49.  p.  278,  and  Tenth  liiennial  Report  State  Engineer  of  Colorado,  p.  246. 

/>  Filth  Biennial  RerK)rt,  Part  II.  PI.  I. 

rlbid.,  PI.  VII;  alMiSi'venth  Biennial  RejKirt. 

r/Ibid.,  PI.  Ill;  also  Seventh. 

♦•Ibid.,  PI.  II;  also  Seventh. 

/Ibid.,  PI.  VIII;  also  Seventh. 

i/Ibid.,  PI.  VI;  also  Seventh. 

fclbld.,  PI.  V;  also  Seventh. 

nbid.,  PI.  IV. 

/  Nos.  46,  47,  48,  and  65  have  not  been  mapped. 
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Creek;  Forkscreek,  on  Clear  Creek;  Marshall,  on  South  Boulder C'reek; 
Boulder,  on  Boulder  Creek;  Lyons,  on  St.  Vrain  Creek;  Arkins,  on 
Big  Thompson  Creek;  Fort  Collins,  on  Cache  la  Poudre;  and  Woods 
in  Wyoming,  on  Laramie  River. 

The  waters  of  this  division  are  used  in  all  the  different  ways  pre- 
viously mentioned.  In  South  Park  and  in  the  foothills  along  the  oast 
front  of  the  Itocky  Mountains  water  is  being  extensively  stored  for 
domestic  use.  In  the  mountains  and  in  places  where  the  fall  is  great 
the  water  is  used  for  the  development  of  power  and  also  for  placer 
mining.  After  leaving  the  mountains  it  is  used  for  irrigation,  and 
already  it  is  being  stored  extensively  for  use  late  in  the  irrigation 
season,  this  being  especially  true  of  the  territory  along  the  Big 
Thompson  and  Cache  la  Poudre.  Cheesman  Lake  and  some  of  the 
other  reservoirs  of  the  upper  portion  of  the  Platt<^.  have  already  been 
described,^  as  have  also  a  number  of  those  of  northern  Colorado.* 
Thete  are  undoubtedly  enough  reservoir  sites  along  the  South  Platte 
and  its  tributaries  to  store  all  the  water  that  now  goes  to  waste.  A 
number  of  these  on  the  plains  through  which  the  river  flows  between 
Greeley  and  Julesburg  are  now  under  consideration. 

SOUTH    PLATTE   RIVER   AT   (^nSESMAN    LAKE. 

This  station  has  been  maintained  bv  the  Denver  Union  Watc^r  Com- 
pany  for  the  purpose  of  determining  the  discharge  of  the  South  Platte 
at  that  point  with  reference  to  the  construction  of  a  large  reservoir 
for  the  purpose  of  providing  a  sufficient  domestic  water  supply  for  the 
city  of  Denver  and  of  developing  power  to  be  transmitted  from  the  . 
lake  to  various  points  below.  The  dam  is  to  be  of  splid  masonry,  217 
feet  in  height,  and  is  already  well  under  way  (see  PI.  II).  The  lake 
when  full  will  be  about  7  miles  in  length,  and  the  capacity  will  be 
probably  not  less  than  4,000,000,000  cubic  feet.  The  same  company 
has  other  large  reservoirs  at  points  lower  down,  but  none  of  equal 
magnitude  with  this."^ 

The  records  are  given  for  only  two  years.  Those  for  18J)9  are 
api)roximate,  but  those  for  1900  have  been  carefully  compiled  and  are 
veiy  reliable.  They  are  furnished  through  the  courtesy  of  Mr.  C.  L. 
Harrison,  chief  engineer  of  the  Denver  Union  Water  ('Ompan3\'' 

a  House  Doc.  No.  141,  Fifty-fifth  Congrew,  second  nession,  H.  M.  Chittenden'."  Report:  Water-Sup- 
ply and  Irrigation  Paper  No.  37,  p.  221;  Twenty-First  Annual  Report  U.  S.  Geol.  Survey,  Part  IV,  fig. 
192;  Tenth  Biennial  Report  of  State  Engineer,  p.  247. 

fcWater-Supply  and  Irrigation  Paper  No.  9,  and  Chittenden's  Report  above  mentioned. 

cSee  Chittenden'8  Report  above  mentioned,  this  reservoir  being  there  called  the  "South  Platte 
Rite.'* 

<fFor  more  detailed  information  concerning  this  station  sec  Tenth  Biennial  Report  uf  the  State 
Enipnecr  of  Colorado,  p.  248;  Water-Supply  and  Irrigation  Paper  No.  37,  pp.  222-223;  No.  39,  p.  447, 
and  No.  49,  p.  280. 
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[no.  fi. 


EstimaJted  monthly  discharge  of  South  Platte  River  at  Cheesman  Lake, 

[Drainage  area,  1,677  square  milefi.] 


Diwharge  in  aecond-feet. 


Month. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


1899. 

Aii<;ust 902 

hk»pteml)er« 198 

October  « 1 55 

November  « 171 

December 112 

Last  5  months  of  \  . 
the  vear 

MKX). 
January  

February  ^ 

March \  mi 

April ;  547 

May 1,540 

June !  1,945 


170 

105 

84 

55 

44 


27 
27 


July 

August 

September 

October 

November 

Decemljer 

The  vear 


522 
12r> 
103 
155 
90 
67 


23 
27 
27 
92 
562 
550 
40 
58 
63 
39 
37 
18 


354 
149 

92 
125 

70 

« 158 

26 

27 

80 

254 

1,038 

1,204 

208 

88 

79 

84 

69 

33 

a  266 


Ran -off. 


Total  in  acre- 
feet. 


Second - 

feet  per 

square 

mile. 


21,767 

0.21 

8,926 

.09 

5,657 

.05 

7,438 

.07 

4,304 

.04 

48,092 


.09 


1,599 

1,553 

4,919 

15, 114 

63, 824 

71,643 

12,789 

5,410 

4,701 

5, 1(55 

4,106 

1, 964 


.02 
.02 
.05 
.15 
.62 
.72 
.12 

.a5 
.a5 

.05 
.04 
.02 


Depth  in 
inches. 


0.24 
.10 
.06 

.as 

.04 
.52 


192,787  I 

I 

I 

/>E.«*ti mated  in  jiart. 


.15 


.02 
-.02 
.06 
.17 
.71 
.80 
.14 
.0(5 
.06 
.06 
.W 
.02 

2T6 


«  Average. 

Lint  of  discharf/e  meaxnrements  viade  on  South  Platte  River  at  Cheesman  Lake. 

[Hydn)grapher.  J  A.  Runner.] 


Date. 


1899. 


Oil 
heig 


iige 
ight. 


Feei: 
3.62 


July  31 

September  8 ,  1. 45 

October  3 1.  23 

November  19 1.  30 

December  5 '  1 .  24 


Dis- 
charge. 

Sec.-ft. 
806 
184 

95 
107 

97 


Remarks. 


All  gagingH  are  made  by  floats. 


J  Ant  of  dificharge  meoHuremenis  made  on  Goose  (.-reek  at  Cheesman  Lake, 

[Hydrographer,  J.  A.  Runner.] 


Septeml)er  8 . 

October  8 

November  19, 
Decen^r  3.. 


Date. 


1899. 


Gage 
height. 

Dis- 
charge. 

Feet. 

.vr.-yr 

0.95 

24 

.84 

10 

.72 

8 

.76 

9 

Remarks. 


All  ^^ingH  made  by  floats. 


A.      DAM   AT  CHEESMAN    LAKE.    DOWNSTREAM    TACE. 


UPSTREAM    FACE. 
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SOUTH    PLATTE   RIVER    AT    PLATTE   CANYON. 


Records  have  ]>een  kept  for  a  number  of  years  of  the  discharge  of 
South  Platte  River  at  a  point  a  short  distance  above  where  it  de- 
bouches from  the  mountainous  area  into  the  plains.  The  station  was 
located  first  at  Deansbury,  but  was  hiter  removed  to  a  point  about  3 
miles  downstream,  near  the  pumping  station  of  the  Denver  Union 
Water  Compan}'.  The  records  for  both  stations  are  given  in  one 
tiible,  as  they  are  practically  the  same,  no  water  being  used  along  this 
section  except  what  is  taken  out  by  the  Denver  Union  Water  Company 
at  its  head  gate,  which  amount  would  })e  approximately  compensated 
by  the  inflow  during  the  same  distiince.  The  station  is  of  importance, 
as  it  gives  the  discharge  of  the  river  just  above  the  point  where  it 
begins  to  be  used  on  a  large  scale  for  irrigation,  and  is,  therefore,  of 
great  value  in  determining  the  amount  available  for  storage  and  the 
percentage  of  rim -off"  from  the  territory  above.  The  situation  is 
complicated,  however,  as  has  been  previously  suggested,  ))y  the  fact 
that  some  irrigation  is  pi-acticed  in  South  Park,  for  which  reason  an 
estimate  of  the  percentage  of  run-off  based  upon  this  record  would 
necessarily  be  too  small.  The  irrigation  ditches  of  South  Park, 
although  small  in  size,  are  many  in  number,  and  the  aggregate  of 
water  thus  used  is  considerable.  At  a  point  about  a  mile  below  the 
gaging  station  the  first  large  canal,  the  Northern  Colorado  Irrigation 
Company's  canal,^  is  taken  out  by  means  of  a  diverting  dam  con- 
structed across  the  river  and  a  tunnel  cut  through  a  spur  of  the  canyon 
wall.  The  physical  conditions  at  the  station  are  not  favorable  to 
extremely  accurate  measurements,  for  the  channel  is  tilled  with  bowl- 
ders and  the  current  is  very  rapid.  The  stream  bed  is  not,  however, 
subject  to  great  change,  and  for  this  reason  the  station  has  been  main- 
tained. Gagings  must  necessarily  be  made  from  a  bridge  or  cable, 
owning  to  the  depth  and  velocity  of  the  water.  The  banks  are  so 
high  that  there  is  little  danger  of  overflow.* 

aSeo  Twenty-first  Annual  Report  IT.  S.  Geological  Survey,  Part  IV,  p.  200;  also,  Report  on  Agricul- 
ture by  Irrigation,  Eleventh  Census,  by  F.  H.  Newell,  pp.  101  ami  109. 

6 Biennial  Reports  of  the  State  Engineers  of  Colorado:  Fourth,  Part  I,  p.  63.  and  Part  II.  PI.  XVII; 
Filth,  Part  I,  pp.  19  and  24,  and  Part  II,  PJ.  XI;  Sixth.'pp-  19  and  2(5;  Eighth,  pp.  412  to  J19;  Ninth, 
pp  328  and  329;  Tenth,  pp.  252  to  255.  Annual  Reports  V.  S.  Geological  Survey:  Eiglitcculh.  Part  IV, 
p  159;  Nineteenth,  Part  IV.  p.  311;  Twentieth,  Part  IV,  p.  2.s0;  Twcnty-Iirst,  Part  IV,  p.  201.  Al.o, 
Bulletin  C.  S.  Geological  Survey  No.  140,  p.  103,  nnd  Water-Snpply  and  Irrigation  Papers,  No.  11.  p.  52; 
No  15»  p.  87;  No.  87,  p.  224,  No.  39,  p.  448,  and  No.  49,  p.  2.S0.  Also,  Report  on  Agriculture  by  Irriga- 
tion, Eleventh  Cefuros,  by  F.  H.  Newell,  pp.  101, 109, 114,  and  125. 
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yffLrimum  and  ininimnTn  discharge  anti  average  run-off  of  South  Platte  River  at  Deans- 
bury  and  Platte  Canyon  for  that  jwrtwti  of  each  year  covered  hy  records. 


1887.. 
IH88.. 
1889.. 
1890.. 
1891.. 
1892. . 
1895.. 
1896. . 
1897.. 
1899.. 
UKX).. 


YeHF- 


Discharge. 

Minimum. 

Ma 

Date.          Amount. 

Dfttt' 

\-- 

1     Sec.-/I. 

Sept. 

95 

June 

'  Oct, 

1 

210 

July 

Sept. 

6 

92 

Mav 

•> 

21 

Oct. 

:v)  t 

112 

July 

13 

;  Apr. 

5 

121 

June 

9 

Oct. 

8 

I 

270 

June 

26 

Dec. 

26, 

92 

Nov. 

19 

Jan. 

25  i 

90 

Apr. 

28 

Jan. 

28  ' 

67 

June 

1 

Dec. 

5  1 

10 

June 

20 

Feb. 

14  ' 

41 

June 

1 

Maximum. 


Amount. 


.Sfr.-yi. 


785 

670 

788 

875 

l,4a5 

9<52 

311 

983 

1,550 

2,175 

2,745 


Run-off. 


Second- 
Depth  in      feet  per 
inohoK.    ;    square 
I     mile. 


0.93 

.70 

.77 

.98  ; 

1.37  ' 

1.09  ' 

.12  ' 
1  *» 

1.15 
2.16 
1.36 


0.12 
.15 
.11 
.14 
.24 
.21 
.08 
.09 
.17 
.21 
.27 


Discharge  measurements  imulean  South  JHatte  Hirer  at  Deansltury  and  Platte  Canyon. 


Date. 


1895. 


Nov. 

30 

Dec. 

1 

Dec. 

7 

Dec. 

8 

Dec. 

14 

Dec. 

20 

1896. 

Jan. 

12 

Jan. 

18 

Jan. 

27 

Feb. 

4 

Feb. 

11 

Feb. 

19 

Fel). 

23 

Mar. 

18 

Mar. 

20 

Mar. 

30 

Apr. 

2 

Apr. 

13 

May 

3 

May 

26 

June 

9 

Hydrofprapher. 


-,  ' 


L.  R.  Hope, 
....do  .... 
....do  .... 
....(U)  .... 
....do  ... 
....do  ... 


L.  R.  Hope. 
-.  .do  .... 
....do  .... 

do  .... 

do  .... 

....do  .... 
....do  .... 
....do  .... 
....do  .... 
....do.... 
....do  .... 
....do  .... 
....do.... 
....do.... 
....do  .... 


Gage 
height. 

Dis- 
charge. 

Kemarkn. 

Frd. 

Sfc.-fl, 

4 

197 

At  I  Honshu  ry,  station  No.  1 

3.  20 

102 

Do. 

3.  ()0  1 

1(50 

Do. 

3.a5  , 

166 

Do. 

3.80 

183 

Do. 

3.  :i5 

135 

Do. 

3.05  , 

94 

Do. 

3.  a5  ' 

94 

Do. 

2.90 

90 

Do. 

3.  18 

116 

Do. 

3.10 

101 

Do. 

2.97 

91 

Do. 

3.42 

144 

Do. 

3.07 

97 

Do. 

3.  75 

184 

Do. 

5. 15 

372 

Do. 

4.30 

259 

Do. 

4.85 

329 

Do. 

2.70 

557 

At  Deansbury,  station  No.  2 

2.55 

485 

Do. 

1.90  ! 

314 

Do. 
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Discfiarge  measurements  made  on  South  Platte  River  at  Deansbury  and  Plaite  Canyon— 

Continued. 


Date. 


Hydrographer. 


1899. 
Apr.    14 
May 
June 
July 
Oct. 


8 
10 
28 

4 


1900. 
Mar.     5 
Apr.    18 


1896. 

June 

!•* 

July 

()  ' 

July 

24 

Aug. 

14 

Aug. 

25  j 

Sept. 

28 

Oct. 

10 

Oct. 

20 

Oct. 

31 

Nov. 

10 

189' 

f. 

Jan. 

8 

Jan. 

16 

Jan. 

22 

Jan. 

31 

Feb. 

17 

Mar. 

1 

Mar. 

11 

Mar. 

20 

Mar. 

27 

Apr. 

8 

Apr. 

17 

Apr. 

22 

Apr. 

8 

Apr. 

17 

Apr. 

22 

Apr. 

3 

Apr. 

9 

May 

25 

June 

10 

July 

1 

Tj.  R.  Hope. 

do  .... 

<ln  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 


L.  R.  Hope. 

do  .... 

do 

do.... 

do  .... 

do 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do 

do  .... 

do  .... 


J.  E.  Field  . . . 
A.  L.  FellowH 

do 

do 

do 


A.  L.  Fellows 
do 


Gage 
height. 

Dis- 
charge. 

Remarks. 

Fret. 

Sec.  -ft 

1.44 

235 

At  Deanshurv,  ntation  No.  2. 

.90 

138 

Do. 

1.66 

289 

Do. 

.73 

125 

Do. 

1.30 

205 

Do. 

1.50 

239 

Do. 

1.42 

233 

Do. 

1.23 

193 

Do. 

1 .  33 

212 

Do. 

1.27 

201 

Do. 

2.  75 

79 

At  Deansjhury,  station  No.  1. 

2.68 

85 

Do. 

2.56 

68 

Do. 

2.33 

56 

Do. 

2.58 

72 

Do. 

2.75 

90 

Do. 

2.82 

103 

Do, 

2.75 

92 

Do. 

3.40 

165 

Do. 

4.17 

261 

Do. 

4.70 

343 

Do. 

5.80 

511 

Do. 

1.67 

261 

At  Deansbury,  station  No.  2. 

2.02 

343 

Do. 

2.62 

511 

Do. 

3.05 

644 

Do. 

3. 50 

831 

Do. 

4.15 

1,006 

Do. 

3.85 

985 

Do. 

3. 15 

678 

Do. 

1.80 

559 

• 
Do. 

1.50 

500 

Do. 

2.90 

1,127 

Do. 

1.80 

633 

Do. 

.10 

146 

Do. 

-  .40 

87 

Do. 

1.55 

467 

Do. 

,    CitSTLEWOOD 


KELLOW8.J  SOUTH   PLATTlfi   DIVISION.  29 


HOITTH  PLATTK  RIVER  AT  DRNVER. 


Attempts  have  lx}on  made  at  different  times  to  establish  and  main- 
tjiin  stations  at  a  number  of  points  in  the  vicinity  of  Denver,  l)ut  the 
only  one  that  has  proved  of  sufficient  value  to  be  kept  up  is  the  one 
located  at  the  Fifteenth  street  bridge,  about  1  mile  below  the  post- 
office.  The  location  is  favorable  in  some  resj^cts,  as  it  is  just  lielow 
the  mouth  of  Cherry  Creek,  upon  which  the  Castle  wood  dam  (see  PL 
III)  is  situated,  the  junction  of  Cherrj^  Creek  and  the  South  Platte 
marking  the  end  of  district  No.  8  and  the  beginning  of  district  No.  2. 
It  is,  moreover,  as  favorable  a  location  w^ith  reference  to  channel  and 
banks  as  can  be  found  anywhere  below  the  point  at  which  the  river 
strikes  the  sandy  plains,  where  it  becomes  broad  and  shallow,  with  a 
changeable  and  shifting  bottom.  Owing,  however,  to  its  being  located 
so  near  the  mouth  of  Cherry  Creek,  considerable  difficulty  is  expe- 
rienced through  a  deposition  of  bars  of  sand  and  gravel,  sometimes 
along  the  left  bank  of  the  river  and  again  along  the  right  l)ank,  so 
that  occasional  changes  in  gage  rods  and  frequent  changes  in  rating 
tables  are  necessary.  Measurements  at  this  point  arc  necessarily 
made  as  often  as  possible. 

The  station  is  principally  valuable  as  giving  information  concerning 
the  discharge  at  the  head  of  irrigation  district  No.  2,  so  that  the 
division  of  water  among  consumers  may  be  regulated  by  the  water 
commissioner  with  greater  facility.  Measurements  are  made  from 
the  bridge,  except  at  low  water,  when  they  ma\'  be  made  hy  wading.^ 

a  For  more  cletailtHl  information  concerning  this  station  see  Biennial  Reports  of  State  Engineers 
of  Colorado:  Fifth,  Part  I.  p.  26,  Part  II,  pi.  12;  Sixth,  p.  19;  Eighth,  p.  420;  Ninth,  p.  330;  Tenth, 
p,256.  Annual  Report-,  r.  S.  Geological  Survey:  Eighteenth,  Part  IV,  p.  162;  Nineteenth,  Part  IV, 
p.  313;  Twentieth,  Part  IV,  p.  279;  Twenty-first,  Part  IV,  p.  201.  Bulletin  U.  S.  Geological  Survey 
No.  110,  p.  104.  Water-Supply  and  Irrigation  Papers,  No.  II.  p.  W;  No.  15,  p.  KS;  N<>.  27,  pp.  81,  SC,  H9; 
No.  37,  p.  225;  No.  39,  p.  448;  and  No.  49,  p.  2«1.  Also  Report  on  Agriculture  by  Irrigation,  Eleventh 
Census,  by  F.  U.  Newell,  pp.  101, 109, 114. 
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Murimum  and  minimum  diwharge  and  total  run-off  of  Stmth  PlaUe  River  at  Dennr  for 

that  portion  of  each  year  covered  hy  records. 


Year. 


1895. 
1896. 
1897. 
1S98. 
1899. 
1900. 


urn. 

DLsfhurge. 

Run 

-off. 

Minim 

Maxi 

mum. 

Second - 

Am< 

1 

Depth  in 
iD<-he8. 

feet  p«T 

Date. 

1 
ount.          Date. 

Amount. 

1 

wjuarc 
mile. 

Scc.-Ji. 

.vr.-y?. 

Dec.     23 

108  '  Aug.      2 

1,945 

1.19 

0.14 

Oct.     1 1 

27      Julv    25  1 

758 

.62 

.05 

Feb.    13 

16      \u^.      5  ; 

2,  458 

1.426 

.106 

Dec.    23 

50  ,  May    28  \ 

2,308  , 

1.58 

.12 

Jan.    22 

42     Aug.      5  1 

1,422 

1.257 

.093 

Oct.       7 

51  j  Apr.    29 

1 

5,510  i 

2.92 

.22 

1 

Date. 
lSi)5. 

.Mav       7 
Julv    23 


Discharge  measurementit  made  on  Sfntth  Platte  Hirer  at  Denver. 

Hyttrographer. 


Aug. 
Aug. 
Nov. 
Nov. 


7 
22 

9 
29 


1896. 

Jan.  6 

A])r.  8 

May  29 

July  1 

July  25 

Aug.  5 

Aug.  26 

Sept.  11 

Oct.  30 

N'ov.  9 

1897. 


I*.  J.  Preaton 
F.  Cogswell . 
P.  J.  Preston 

do 

do 

do 


P.  J.  Preston 

do 

do 

do 

do 


do 


R.  A.  Sumner 

F.  Cogswell . . 

P.  J.  Preston . 

do 


.lau.  15 

Apr.  15 

May  1 

May  26 

June  4 

June  15 

July  13 

Aug.  5 

Aug.  20 

Sept.  6 

Oct.  11    .-.-,,do 


P.  J.  Preeton 
F.  Cogswell . 

do 

do 

....do 

do 

do 

do 

do 

do 


Gage 
height. 

Dis- 
charge. 

Fret: 

S,r.-/(rt. 

168 

5.40 

1,490 

4.60 

^76 

3.90 

447 

4.30 

430 

3.90 

303 

3.60 

183 

4.  50 

235 

4.90 

304 

4. 33 

107 

6.10 

1,316 

4.  35 

125 

4.80 

83 

5.10 

163 

4.70 

93 

4.75 

100 

4.70 

98 

5.  35 

385 

5.70 

595 

.5.  85 

778 

6.45 

1,311 

6.75 

1,406 

5.  60 

687 

7.  45 

1,849 

5.  55 

473 

4.  95 

116 

<).70 

413 
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Discharge  vie(Uftirrmeni:i  made  on  Scmth  PUUie  River  at  Deiwcr — Continued. 


Date. 

1898. 
Apr.    21 
July 
Sept. 
Oct. 
Oct. 


6 


»> 


HydroKmi»her. 


8 
29 


A.  L.  FellowH 

do 

do 

do 

F.  Cogswell . . 


t      CJaKe 
I     height. 


h>ct. 
5.90  I 

6.10 

5.50 

5.00 


Dis- 
charge. 


5.  32 


18':)9. 

A pr.    12     A .  L.  Fel  lo \va 

Mav    11    d.) 

I 

June    12  : do 

July    27 


Aug. 
8ept. 
Oct. 


4 
6 
5 


do 
.do 


liKX). 
Mar.      () 
Apr. 
Apr. 
Apr. 
Apr. 
June    11 
July 
Aug. 
Aug. 
Oct. 
Oct. 


do 
do 


12 
16 
20 
28 


25 


29 
20 
22 


A.  li.  Fellow.s  . 

do 

do 

do 

do 

do 

do 

do 

do 

R.  W.  Hawley 
do 


Sfc-Jl. 
564 

44:^ 


6.00 

422 

6.  as 

35o 

6.20 

764 

5.32 

213 

6.93 

1,200 

5.95 

2S8 

5.10 

100 

5.50 

244 

5.90 

877 

7.24 

1, 4ii^ 

7.10 

1,35*.^ 

8.32 

3,516 

8.50 

3, 270 

5.45 

257 

5.56 

2Si 

4.90 

S*.) 

5.50 

22H 

5.30 

161 

SOl'TII    PLATTE   RIVER    AT   OKCHARl). 


This  stiition  was  estulJished  November  20,  181)5,  for  the  purpose  of 
furnishing  dat4i  relative  to  the  flow  of  South  Platte  Riv'er  in  the  winter 
months  and  during  flood  stages,  but  later  was  maintained  throughout 
the  entire  year  for  the  purpose  of  determining  the  total  discharge. 
It  is  situated  some  distance  below^  all  the  mountiiin  drainage  of  the 
stream  and  below  the  territory  in  which  there  is  the  greatest  return 
from  seepage.  For  tliree  3'ears  the  rod  was  located  in  a  l)end  of  the 
river  al)out  one-fourth  of  a  mile  southwest  of  the  railroad  station  at 
Orchard,  but  later  a  new  rod  was  placed  at  the  wagon  bridge  south  of 
the  town,  and  since  that  time  readings  have  been  taken  at  the  latter 
point,  for  the  reascm  that  it  was  necessary  to  make  the  gagmgs  from 
the  wagon  bridge  .at  times  of  high  water.  The  channel  throughout 
this  entire  region  is  broad  and  shallow,  the  bottom  being  sandy  and 
shifting,  rendering  frequent  changes  in  the  rating  tables  necessary. 
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The  investigations  at  this  point  have  demonstrated  that  great  amounts 
of  water  go  to  waste,  and  private  capital  has  been  enlisted  for  the 
construction  of  the  reservoirs  of  the  South  Platte  Land,  Reservoir 
and  Irrigation  Company  in  the  vicinity  of  Orchard.  The  resen'^oirs 
of  this  company  consist  of  natural  basins  located  in  the  plains  on  each 
side  of  the  river,  all  water  being  diverted  from  the  river  to  the  reser- 
voir sites  by  means  of  large  canals.^ 

a  For  more  detailed  information  cfmoerning  this  station  see  Biennial  Reports  of  State  Engineers  of 
a>lorado:  JSigiith,  p.  426;  Ninth,  p.  333;  Tenth,  p.  261.  Also  publications  U.  S.  Qeological  Surve)': 
Eighteenth  Annual  Report,  Part  IV,  p.  166;  Nineteenth,  Part  IV,  p.  315;  Twentieth,  Part  IV,  p.  298; 
Twenty-first,  Part  IV,  p.  208;  Bulletin  No.  140,  p.  112;  Water-Supply  and  Irrigation  Papers  No.  11.  p. 
53;  No.  15,  p.  89;  No.  27,  pp.  »4,  86,  and  89;  No.  37,  p.  226;  No.  39,  p.  448,  and  No.  49,  p.  282.  Also  Report 
on  Agriculture  by  Irrigation,  Eleventh  Census,  pp.  122  and  132. 
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Majrtmum  and  minimum  d'aicharge  and  average  run-off  of  Souih  Platte  River  at  Orchard 

for  thai  portion  of  each  year  covered  by  records. 


Year. 


I>iix;haixe. 


Run-off. 


Minimum. 


Date. 


1<S95 '  Nov.  22 

1896 Dec.  27 

1897 July  8 

1898 ^  Apr.  28 

1899 June  12 

1900 Aug.  16 


Maximum. 

Depth  In 

inches. 

Second- 
feet  per 

)unt. 

Date. 

Amount. 
Sic-ft. 

8quare 
mile. 

.-A 

818 

Dec.       1 

1,081 

0.  mb 

0.07 

213 

Jail.      9 

960 

.226 

.06 

39 

June   14 

5,160 

.851 

.064 

10 

May    2i) 

8, 214 

.90 

.07 

10 

Feb.    27 

8, 966 

1.56 

.11 

118 

May      2 

11,159 

2.16 

.16 

Discharge  mea»urements  made  <m  South  Platte  River  at  Orchard. 


Date. 


1895. 
Nov.    20 
Dec.     27 

18^)6. 
Feb.     19 
Oct.     22 
Dec.     12 

1897. 
Jan.  18 
May  28 
June  20 
June  27 
July  25 
Sept.  13 
Nov.      9 


Hydmjfrapher. 


P.  J.  Preston 
do 


H.  A.  Sumner 
P.  J.  PrejJton  . 
do 


P.  J.  Preston  , 
L.  R.  Hope  - . 
R.  S.  8uniner. 

do 

do 

do 

do 


1898. 


A  pr. 
May 
July 

* 

Aug. 
Nov. 
Nov. 


24 

80 

9 

9 


A.  L.  Fellows 

do 

do 

do 


6  I  F.  Cogswell 


17 


1899. 
Apr.    14 
Mav    27 
Sept.    12 
Nov.      3 


lo 


A.  L.  Fellows  . . 

do 

do 

M.  D.  Williams. 


Gape 
heijifht. 

I)i.s- 
charKe. 

Fut. 

Str.ft. 

4.  (K) 

829 

8.  H;i 

(567 

8.  98 

669 

8.  20 

240 

4.  55 

550 

4.14 

877 

5.  (K) 

1,921 

4.68 

1,926 

8.  20 

504 

8.  ()0 

524 

2.  50 

86 

4.40 

1,299 

2.20 

71 

4.(>0 

8,214 

2.  25 

32 

2.  25 

36 

2.80 

802 

3. 15 

491 

8.20 

1,258 

2.30 

158 

2.  05 

57 

2.80 

614 
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DMuirge  nwmareiiwuU  made  on  South  Pkitte  River,  at  Orchard — Continued. 


Date. 

Uydrographer. 

Ga^e      '      Pis- 
height.    ,   charge. 

1900. 
Mar.      7 

A.  L.  Follows 

Fat            Sec.-fi, 

2.85  1       m 

Apr.    21 
July    23 
Oct.     27 

do 

5.00          4.fi74 

do 

1.35 

-1  --  - 
l.V) 

R.  W.  Hawley 

2.70 

324 

SOUTH    PLATTE   RIVER    AT   .irLESBURO. 


Although  no  station  has  been  regularly  maintained  at  this  point,  a 
number  of  measurements,  which  are  given  in  the  table  below,  have 
been  made  here  at  different  times.  The  location  is  important  from 
the  fact  that  it  is  near  the  line  between  Colorado  and  Nebraska,  so 
that  discharge  measurements  at  this  point  indicate  the  flow  from  the 
one  State  into  the  other.  The  channel  is  broad  and  shallow,  the  bottom 
being  sandy  and  shifting.  A  gage  rod  was  fastened  to  the  wajron 
bridge  1  mile  southeast  of  Julesburg  in  the  spring  of  liK)0,  but  no 
records  were  kept.  Measurements  may  be  made  either  from  tho 
wagon  bridge  or  at  low  water  by  wading.  The  majority  of  the  gaginir> 
at  this  point  were  made  by  employees  of  the  State  engineer's  oitiro 
in  connection  with  the  annual  seepage  measurements  of  the  South 
Platte  River.'' 

D'i8vhar<ji'  menmremcnls  made  o)i  South  Platte  Rirtr,  at  Julesburg, 

[Alliludo  :^r)(»  feet.] 


Date. 


November  5,  1891.. 
November  4,  1894.. 
Noveml)er  14,  1895, 
September  4, 1899. 
Noveral)erl2,  1899. 

March  8,  1900 

Noveml)er2,  1900.. 


Gage  Di<- 

height.       cbarKc. 


Feci. 


Sr-e-a. 


2.10 


4S 
•I 

2,  2^1 


BEAR    CREEK    AT    MORRISON. 


Bear  Creek  is  the  first  important  tributary  received  b}^  South  Plalte 
River  after  it  leaves  the  mountains.  Information  concerning  the  dis- 
charge of  this  stream  is  important,  as  it  supplies  a  large  proportion  of 
the  water  furnished  to  Denver  by  the  Denver  Union  Water  Company, 


oSee  also  Tenth  Biennial  Reiw^rt  of  the  State  of  Colorado,  p.  2G5.    Also  Report  on  Agriculture  b\ 
Irrigation,  Eleventh  CeiLsus,  by  F.  II.  Newell,  p.  131. 
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storage  reservoirs  having  been  provided  for  this  purjx>se  in  Marstx)n 
and  Harriman  lakes.  Nearly  the  entire  flow  of  this  stream  is  used  for 
the  water  supply  of  Den\^er  and  for  irrigation,  there  being  a  scarcity 
of  water  along  the  stream  except  for  the  earliest  priorities  during  a 
large  portion  of  almost  every  irrigation  season.  Like  all  mountain 
vstreams,  it  is  subject  to  sudden  and  violent  rises  from  sharp  and  severe 
storms  at  its  headwaters.^ 

The  station  was  located  for  some  Acars  about  the  center  of  the  town 
of  Morrison,  but  in  the  spring  of  1899  it  was  moved  to  a  point  just 
above  Morrison,  at  the  headgate  of  the  Denver  Union  Water  Com- 
pany's pipe  line.  The  conditions  have  genei'ally  been  rather  unfavor- 
able to  correctness  of  measurements,  as  the  channel  is  somewhat 
changeable,  being  made  up  of  loose  bowlders,  and  at  the  dam  where 
the  water  is  diverted  into  the  pipe  line  gravel  bars  have  formed,  chang- 
ing the  natural  conditions.  Measurements  have  been  made  by  wading, 
excepting  at  the  highest  stages  of  the  water,  when  they  have  been 
made  from  the  wagon  bridge  just  above  the  town  of  Morrison.* 

"For  full  description  sec  Haydcn'H  Report  of  1S75,  p.  432. 

b  For  further  details  concerning  this  station  see  Biennial  Reports  of  State  Engineers  of  Colorado: 
Fourth.  Part  I,,  p.  W,  and  Part  II,  PI.  XX;  Fifth.  Part  I.  p.  :».  and  Part  II,  Pi.  XIV;  Sixth,  pp.  20 
and  31;  Eighth,  p.  4bi;  Ninth,  p.  336;  Tenth,  pp.  223  and  26<).  Publications  U.  S.  Geological  Survey: 
Kiphteeiith  Annual  Report,  Part  IV,  p.  167:  Nineteenth.  Part  IV,  p.  317;  Twentieth,  Part  IV,  ii.  2H4: 
1  wenty-lirst.  Part  IV,  p.  20-1;  Bulletin  No.  140.  p.  IW;  Water-Supply  and  Irrigation  Papers,  No.  11.  p. 
M;  No.  15,  p.  90;  No.  27,  pp.  81  and  StJ;  No.  37,  p.  227;  No.  39.  p.  448.  and  No.  49,  p.  2&4.  Also  Rei>orton 
Agricultore  by  Irrigation,  Eleventh  Census,  by  F.  H.  Newell,  p.  114. 
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Mtiximum  and  minimum  discharge  and  average  run-off  of  Bear  Creek  at  Morrimn  for  that 

portion  of  each  year  covered  by  records. 


year. 


Minimum. 


Discharge. 


Kun-ofT. 


Maximum. 


Date. 


1888 j  Sept.  — 

1889 !  May  3 

1890 Nov.  15 

1891 Sept.  22 

1895 .^iay  20 

1896 July  14 

1897 Nov.  24 

1898 Nov.  23 

1899 Oct  21 

1900 !  Nov.  23 


Amount. 


Date. 


Ser.-ft. 

30 

June 

18 

May 

15 

July 

12 

May 

41 

June 

9 

Apr. 

5 

Aug. 

20 

July 

17 

Aug. 

10 

Apr. 

20 

23 

27 

13 

2 

3 

13 

4 

29 


Depth  in 
inchefi. 


.\mount. 


Second- 
feet  per 
square 
mile. 


ns    ' 


Sec-ft. 
100 
195 

75 
622 
274 

86 

385 

2,083 

325 

691 


0.41 
.48 
.20 
.73 
.70 
.29 
.67 
.54 
.49 

1.15 


0.37 
.43 
.18 
.66 
.63 
.26 
.60 
.48 
.44 

1.03 


Discharge  measurements  made  on  Bear  Creek  at  Morrison. 


Dalo. 


Hydrojfrapher. 


1895. 
May    18 
June   12 
July    24 
Oct.       7 

1896. 
June   17 
Aug.      4 
Sept.    19 
Oct.     31 

1897. 
May  20 
June  13 
June  26 
July  24 
Sept.  11 
Oct.     12 

1899. 
Apr.  15 
May  9 
June  6 
Aug.  5 
Nov.    14 


P.J.  Preston 

....do 

....do 

....do 


P.  J .  Prej?ton  . 

d<» 

R.  S.  Sumner, 
P.  J.  Preaton . 

H.  L.  Ho])e. . . 
R.  S.  Sumner. 

do 

do 

F.  CogHwell .. 
; do 


J.E.Fi(4d... 
A.  L.  Fellows 

.....do  

do 

do 


-I 


Gajre 
height. 


Fat. 
O.IX) 
2.05 
1.65 
1.05 


.75 
2.90 
3. 05 
2.55 


3.60 
3.70 
3.  50 
3.  45 
3.  05 
3.00 

3.80 
4.25 
4.25 
4.98 
1.35 


Dis- 
charge. 


Si'f'.-ft. 


47 


331 


171 
64 

32 
55 
80 
16 

179 
2m) 
162 
131 
55 
52 

64 

99 

107 

192 

13 
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Discharge  measurements  made  on  Bear  Creek  at  Morrison — Oontmaed. 


Bate. 

Hydrograpber. 

Gage 
height. 

Dis- 
chaiige. 

1900. 
Mar.     9 

A.  L.  Fellows 

Fed. 
1.40 
2.85 

■  5.80 
3.20 

Ser.-JI, 
17 

Apr.    14. 
Apr.    25 
Aug.      7 
Sept.     6 

do 

47 

do 

367 

do 

ea 

do -----           ---- 

24 

CLEAR  CREEK    AT  FORK8CRERK. 


Clear  Creek  is  one  of  the  largest  tributariea  of  South  Platte  River, 
issuing  from  the  mountains,  and  emptying  into  the  main  stream 
about  6  miles  below  Denver.  Like  the  other  streams  of  this  region, 
it  flows  for  a  long  distance  through  a  mountainous  territory  (see 
PI.  IV,  ^1)  and  then  discharges  into  the  plains,  where  its  water  is  used 
for  irrigation.  The  establishment  of  a  station  at  Forkscreek,  which 
is  about  12  miles  up  the  canyon,  was  for  the  purpose  of  determining 
not  only  the  amount  of  its  water  that  may  be  available  for  irrigation 
and  stoi'age,  but  the  amount  that  may  be  used  for  the  development  of 
power.  The  water  of  Clear  Creek  is  used  to  such  an  extent  for  placer 
mining  and  for  the  development  of  power  for  use  in  stamp  mills  that 
the  name  *' Clear  Creek"  has  long  since  become  a  misnomer,  the 
stream  being  anything  but  clear.  After  the  stream  empties  into  the 
plains  the  greater  part  of  the  water  is  used  for  irrigation,  there  being 
comparatively  little  surplus  even  during  the  flood  stages.^ 

Measurements  were  also  made  in  the  yeara  1887  and  1888  at  a  point 
below  the  mouth  of  the  canyon,  and  estimates  were  made  for  the  year 
1898  by  the  water  commissioner  of  the  Clear  Creek  water  district. 
The  discharges  of  these  j^ears  are  too  unreliable  to  be  incorporated  into 
the  table,  but  they  are  given  by  themselves. 

Results  obtained  at  this  station  are  not  entirely  satisfactory,  as  the 
channel  consists  of  bowlders  and  the  fall  is  great,  the  banks  being 
high  and  rocky.  There  is,  moreover,  no  suitable  method  of  crossing 
the  river,  the  bridges  being  unsatisfactory,  so  that  most  of  the  mea.s- 
urements  have  been  taken  at  low- water  stages.* 

a  For  full  description  of  this  drainage  basin  see  Haydcn's  Report,  of  1876,  p.  4S2;  also  Report  on  Agri- 
culture by  Irrigation,  Eleventh  Census,  by  F.  H.  Newell,  p.  114. 

ft  For  further  dettiils  concerning  this  station  see  Biennial  Reports  of  State  Engineer  of  Colorado: 
Fourth,  Part  I,  p.  63,  and  Part  II.  PI.  XVIII;  Fifth,  Part  I,  p.  18;  Sixth,  p.  20;  Ninth,  p.  840;  Tenth. 
pp.  222  and  270.  Publications  U.  8.  Geological  Surv'ey:  Twenty-first  Annual  Report,  Part  IV,  p.  206; 
Water-Supply  and  Irrigation  Papers,  No.  37,  p.  228;  No.  39,  p.  448  and  No.  49,  p.  286.  Report  od 
Agriculture  by  Irrigation,  Eleventh  Census,  p.  114. 
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Discharge  of  Oenr  Oruk  at  Golden. 
[In  cubic  ft*et  per  second.] 


Year. 

1 

Average  for  month. 

■ 

May. 

June. 

July. 
516 

Aug.           Sept. 

Oct. 

Nov. 

1897.. 

•  «•«*«*«• 

621 

793 

304              181 

i:w 

1898.. 

285 

650 

420 

120  '           75 

1 

70 

57 

Note. — ^Thls  table  wa-s  furnished  by  W.  N.  Palmer,  water  commissioner  for  the  (Hear  Creek  district 
for  18i)7  and  1898.    The  winter  discharge  is  given  as  about  50  necond-feet. 

Estimated  monthly  discharge  of  Clear  Creek  at  Forksrreek. 
[Altitude,  G,892  feet;  drainage  area,  ^45  square  miles.] 


Month. 


1899. 

April 

May  1  to  19.... 
June  7  to  30  . . . 

• 

July 

Aujuiist 

September 

Octol)er 

Novemlier 


Total 


1900. 
March  10  to  31 . 

April - 

May 

June 

Julv 

August 

September 

October 

November 


Total 


Discharge  In  second-feet. 


Maxi- 
mum. 


403 

1,202 

1,373 

1,202 

()92 

349 

155 

155 


Mini- 
m.um. 


51 
192 
775 
614 
299 
155 
133 

32 


75 

403 

1,259 

1,259 

719 

235 

75 

75 

58 


44 

58 

367 

714 

235 

84 

44 

51 

51 


Mean. 


180 
581 
1,081 
791 
440 
214 
141 
77 


60 

178 

789 

968 

378 

137 

58 

58 

52 


Total  in  acre- 
feet. 


10,  711 
35,724 
64,324 
48, 637 
27,005 
12,734 
8,670 
'  4, 582 


Run-oflT. 


Second-  i 

feet  per     Depth  in 


stjuare 
mile. 


inches. 


0.52 
1.(58 
3.13 
2.30 
1.28 
0.62 
0.41 
0.22 


0.58 

1.94 

3.49 

2.66 

1.48 

.69 

.47 

.24 


212,387 


2,619 

10, 592 

48, 514 

57,  601 

23, 242 

8,424 

3, 451 

3, 566 

3, 094 

161, 103 


1 1 .  55 


0.17 
0.52 
2.29 
2.80 
1.10 
0.40 
0.17 
0.17 
0.15 


.20 

.58 

2.64 

3.12 

1.27 

.46 

.19 

.20 

.17 

8.83 
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Discharge  niea»nrements  made  on  Clear  Creek  at  Forhtcreek, 


Dftte. 

181)9. 
Mar.    24 
Apr. 
May 
June 
Aug. 


20 
10 

mm 

i 
12 


Nov.    15 

1900. 
Mar.    10 
Apr.    13 
Apr.    24 
Aug.    27 


Hydrographer. 


J.  E.  Field  ... 

do 

A.  L.  Fellows. 

do 

do 

do 


.do 
do 
do 
.do 


height. 


1.50 
2. 10 
2.75 
3.70 
3.08 
1.70 


1.60 
1.70 
2.60 
1.78 


Dis- 
chax)7o. 


Str.-n, 


Lv) 
3<>^ 
77^^ 
449 
67 

55 

29() 


ST.  VRAIN  CRBBK  NEAR  LYONS. 


St.  Vrain  Creek  and  its  tributaries  receive  their  supply  of  water 
from  the  eastern  slope  of  that  portion  of  the  Front  Ran^  lyinjr 
between  Long's  Peak  and  James  Peak,  a  distance  of  about  30  miles. 
The  geneml  trend  of  the  drainage  is  northeastward,  the  St.  Vrain  flow- 
ing at  last  into  South  Platte  River  about  6  miles  }>elow  the  town  of 
Plattcville.  The  principal  tributiiries  of  the  St.  Vrain  are  the  Nortii 
and  South  Forks  and  the  Boulder,  the  South  Boulder  being  an  irajwr- 
ttmt  branch  of  the  latter.  The  areas  drained  by  the  upper  portions 
of  these  streams  are  all  alike  mountainous,  the  streams  flowing  through 
deep  and  rugged  canyons,  where  the  water  can  be  used  onl}'  for  the 
development  of  power  and  for  placer  mining;  but  upon  leaving  the 
foothills  each  one  of  them  emerges  into  a  broad  and  nearly  level  val- 
ley w'here  farming  by  irrigjition  is  extensively  practiced. ** 

Three  stations  have  been  maintained  upon  the  St.  Vrain  and  its  trib- 
utaries, one  located  at  a  point  about  one-half  of  a  mile  east  of  Lyon>. 
upon  the  St.  Vrain,  one  at  a  point  at  the  mouth  of  the  canvon  of  the 
Boulder,  a  mile  above  the  town  of  Boulder,  and  one  at  a  |X)int  in  the 
mouth  of  the  South  Boulder  Canvon  al:)out  3  railed  west  of  Marshall. 

Records  have  l)een  kept  of  the  gage  heights  at  the  Lyons  station 
since  April,  18S8,  except  during  the  years  1803  and  1894,  when  verv 
little  hydrographic  woik  was  done  in  Colorado.  A  number  of  change> 
in  the  location  and  position  of  the  gage  rod  have  been  necessary,  but 
these  have  not  affected  the  value  of  the  tiibles,  the  station  being  always 
practicall}^  the  same.  As  maintained  at  the  present  time  the  station 
is  opposite  the  Tower  Hotel.     Most  of  the  measurements  are  made  by 


a  For  full  description  ot  this  basin  see  Hayden's  Report  of  1875,  p.  436.    Also  Report  on  Agncultoxe 
by  Irrigation,  Eleventh  Census,  p.  103. 
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wading,  but  at  high  water  they  are  made  from  a  bridge  located  about 
one-quarter  of  a  mile  below  the  station.  The  channel  is  favorable  to 
good  results,  lying  in  small  Iwwlders  and  cobblestones,  and  the  banks 
are  so  high  that  overflow  is  improbable.  The  table  of  discharge 
includes  the  amount  carried  by  the  Supply  ditch,  which  is  taken  out 
above  the  station  but  of  which  records  were  also  kept.'* 

••  For  more  detailed  data  conceniiiig  this  .station  nee  Biennial  Reports  of  State  Engineera  of  Colo- 
rado: Fourth,  Part  I,  p.  63.  and  Part  II,  PI.  XIX;  Fifth,  Part  I,  pp.  18  and  28,  Part  II,  PI.  XIII: 
>ixth,  pp.  20  and  28;  Eighth,  p.  436;  Ninth,  p.  348;  Tenth,  pp.  213  and  280.  Sec  al.HO  publieations  U.  S. 
(ieological  Survey:  Eighteenth  Annual  Report,  Part  IV,  p.  172;  Nineteenth,  Part  IV,  p.  320;  Twentieth, 
Part  IV,  p.  2S5;  Twenty  first,  Pnrt  IV.  p.  208;  Bulletin  No.  140,  p.  109;  Water-Supply  and  Irrigation 
Papere,  No.  11,  p.  55;  No.  15,  p.  93;  No.  27,  pp.  83,  86,  and  89;  No.  37,  p.  232;  No.  39,  p.  448:  and  No.  49, 
p.  288.    Also,  Report  on  Agriculture  by  irrigation.  Eleventh  CtmsiiM,  by  F.  H.  Newell,  p.  103. 
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Maximum  and  minimum  discharge  and  average  run-off  of  St,  Vrain  Creek  at  Lyoruf  fur  thai 

portion  of  each  year  covered  by  records. 


DiMC'haiKi'. 


Year. 


Minimum. 


Maximum. 


.,  I 


Date.       '  .\mount. 

I  Sec.Jl. 

18S8 June  —  «320 

1889 ,  Mav  28  548 

1890 June  2  675 

1891 May  27  l,;i97 

1892 June  24  1,480 

1S95 June  16  1,127 

1896 May  30  666 

1897 June  11  1,052 

1898 .    I  June  17  637 

18i*9 June  20  |     1,275 

19(.)0 1  Apr.  29  918 


Date. 


I 


13 

15 

5 

28 


Oct. 
Oct. 
Nov. 
Apr. 
Oct. 
Sept.  14 
Oct.  26 
Nov.  16 
Nov.  26 
Nov.  11 
Mar.    17 


Amouui. 

Sec.-ft. 
"50 
26 
18 
31 
53 
80 
21 
31 
21 
16 
10 


Run-off. 


Depth  in 
iuehe>«. 


0.  75 
1.08 
1.08 
2.  32 
1.86 
1.92 

.90 
2.06 

.91 
1.72 
1.52 


I  Second- 
feet  jH*r 
I    square 
I     miie. 


0.68 

.97 

.97 

2.08 

1.67 

1.72 

.81 

1.85 

.82 

1.54 


1.,% 


u  May  20  to  31  incluisive. 


]>i»'harye  meoiturenients  made  on  St.  Train  iVeek  at  Lyon*. 


Ihite. 

1895. 
Mav    11 
July    20 
Oct.       2 


P.  J.  Preeton. 

do 

do 


1896. 

June     6  I  P.  J.  Preston. 

July    29    do 

Sept.   22  I  R.  S.  Sumner 

Oct.     14  ,  P.  J.  Preston 


1897. 

May  25 

June  17 

June  28 

Julv  20 
Sept. 
Nov. 


15 
10 


1898. 
May    27 
July    12 
Aug.      5 
Oct.     12 


L.  R.  Hope.. 
R.  S.  Sumner 

do 

do 

F.  Cogswell.. 
do 


A.  L.  FellowH. 

do 

do 

do 


Hydro^rapher. 


liaKe 
helKlil, 

/fee/. 

DiK- 
oharKc. 

Src.-fret. 

1.65 

260 

3.40 

336 

2.10 

65 

3. 57 

i 

389 

2.70 

189 

2.50 

110 

2.22 

53 

4.15 

659 

4.40 

713 

3.70 

551 

3.10 

379 

2.10 

115 

1.75 

54 

2.80 

256 

3. 10 

308 

2.20 

73 

1.85 

20 
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Discharge  me(i»urement8  made  on  St.  Tra/n  Creek  at  Lyoru* — Continued. 


Date. 

1899. 
Apr.  18 
May  5 
June  14 
Aug.  9 
Oct.       7 

1900. 
Mar.    13 
Apr.    27 
July    27 


Hydnj^rapher. 


J.  K.  Field  ... 
A.  L.  Fellows, 

do 

do 

do 


A.  L.  Fellows 

do 

do 


Gage 
height. 


Dis- 
charge. 


Feci. 

Sec-fert 

3.00 

217 

2.75 

137 

4.15 

825 

3.20 

263 

2.10 

37 

2.06 

35 

3.68 

513 

2.70 

193 

BOUIJ)£R   CRKKK    NKAR    BOULDER. 


The  general  nature  of  Boulder  Creek,  which  is  one  of  the  tributa- 
ries of  the  St.  Vrain,  has  already  been  noted  in  the  description  of  the 
main  stream." 

The  gaging  station  is  located  1^  miles  above  the  town  of  Boulder, 
in  the  mouth  of  the  canyon.  There  are  two  small  irrigation  ditches 
above  the  station,  but  the  amount  of  wat«r  diverted  does  not  exceed  5 
or  6  second-feet,  and  may  therefore  be  disregarded.  The  channel  of 
the  stream  consists  of  large  bowlders  throughout  its  entire  course,  and 
it  is  therefore  difficult  to  make  accurate  measurements.  Gagings  are 
usually  made  by  wading,  but  may  be  made  from  a  wagon  bridge  just 
above  the  gage  rod  at  high  water.  The  normal  flow  is  entirely  used 
for  irrigation,  but  during  the  flood  season  a  large  proportion  goes  to 
waste.  Fillings  have,  however,  been  made  ujx)n  a  number  of  reservoir 
sites  in  this  dminage  basin,  by  means  of  which  most  of  the  surplus 
water  might  l)e  stored.* 

rtFor  a  description  of  this  drainage  Ixi^in,  sec  Hayden's  Report  of  1875,  p.  436.  Also  Ilei>urt  on 
Agriculture  by  Irrigation,  Eleventh  Census,  by  F.  H.  Newell,  p.  103. 

^Biennial  Reports  of  State  Engineers  of  Colorado:  Fourth,  Part  I,  p.  iVI,  and  Part  II.  PI.  XXI;  Fifth, 
Part  I,  pp.  18  and  32,  and  Part  II,  PI.  XV;  Sixth,  pp.  21  and  83;  Eighth,  p.  442;  Ninth,  p.  2A^\  Tenth, 
pp.  224  and  277.  Also  publications  U,  S.  Geological  Sun'ey:  Annual  Reports,  Eighteenth,  Part  IV,  p. 
171;  Nineteenth,  Part  IV,  p.  319;  Twentieth,  Part  IV,  p.  286;  Twenty-first,  Part  IV,  pp.  207-208:  Bui 
letin  No.  140,  p.  lOS;  Water-Supply  and  Irrigation  Papers,  No.  11,  p.  fn\  No.  15,  p.  92:  No.  27,  pp.  *C 
86.  and  89;  No.  37,  p.  218;  No.  49,  p.  287.  Also  Report  on  Agriculture  by  Irrigation,  Eleventh  Cen«u.s 
by  r.  H.  Newell,  p.  103. 
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WATEB   BESOUROES    OF   COLORADO. 


[NO.  74. 


Maximum  and  minimum  discharge  and  average  nin-off  of  Boulder  Creek  at  Boulder  for 

that  portion  of  each  year  covered  by  records. 


Year. 


T)ischarge. 


Minimum. 


Maximum. 


Date. 


1888 April  — 

1889 Sept.   20 

1890 !  Nov.      7 

1891 Sept.   16 


Amount. 

Sec. -feet 
25 


Date. 


Amount. 


1892, 

1895 

1896. 

1897. 

1898. 

1899. 
1900. 


Oct.  19 

Oct.  29 

Apr.  3 

Nov.  16 

Nov.  30 

Nov.  29 

Oct.  31 


June  — 
16     May    31 
23     Aug.     4  ' 
54  I  June     8  1 
27  I  June   23 

5     June     3 

7     May    30  I 
23     June    10 

3     June   18 
13     July      2 

7     June     1 


Scc.-feet. 
350 
785 
1,200 
540 
646 
750 
809 
745 
560 
847 
801 


Run-off.a 


Depth  in 
inches. 


Sec4)iid- 

feetper 

fiquAre 

mile. 


0.90 
1.75 
1.03 
1.46 
1.45 
1.56 
0.82 
1.34 
1.36 
1.66 
1.77 


a.  81 

1.57 
0.93 
1.31 
1.30 
1.40 
0.74 
1.20 
1.22 
1.49 
1.59 


a  The  run -off  given  is  the  amount  for  that  part  of  each  year  covered  by  the  recordH  and  for  an 
average  month  of  thirty  days,  at  the  rate  given  as  the  mean  for  the  period  covered. 

Diacharye  measurements  made  on  Boulder  Creek  near  Botdder. 


Date. 


Hydrographer. 


1895. 
July    17 
Oct.     13 

1896. 
Julv      2 

to 

Julv  30 
Sept.  23 
Oct.     16 

1897. 
Mav    21 
Julv    26 
Aug.    12 
Oct.     13 

1898. 
Apr.  17 
May  28 
July  16 
Aug.  3 
Oct.     11 


Gage 
height. 


r.  J.  Preston 
do 


P.  J.  Preston  . 

do 

R.  S.  Sumner. 
P.  J.  Preston  . 

L.  R.  Hope . . . 

R.  S.  Sumner. 

F.  Cogswell . . 

do 


A.  L.  FellowH. 

do 

J.  E.  Field  . . . 
A.  L.  Fellows 
do 


1.90 
.50 


1.30 
1.10] 
.80 
.50 

2.15 

1.75 

1.55 

.55 

.78 
1.85 
1.50 

.86 

.28 


Dis- 
cliarge. 


Sec,-Jt. 
317 
36 


139 

110 

&i 

35 

442 

298 
224 

48 

69 

367 

266 

62 

12 


FELLOWS.] 


SOUTH    PLATTE    DIVISION. 


49 


Discharge  measuremenis  made  on  Boulder  Creek  near  Boulder — Continue<i. 


Date. 

Hydiugrapher. 

Gage 
height. 

Feet. 
1.00 
1.20 
2.60 
1.70 
.50 

2.10 

1.40 

.62 

Dis- 
charge. 

1899. 
Apr.    21 
May      6 
June  15 

J.  E.  Field 

Sec.-fl. 
84 

A.  L.  Fellows  . . 

134 

do 

642 

Aug.    10 
Otc.    20 

do 

276 

do 

36 

1900. 
Apr.    28 
July    27 

Aug.    28 

1 

A.  L.  Fellows  . . 

483 

do 

• 

220 

do 

49 

SOUTH  BOULDER  CREEK  AT  MARSHALL. 

South  Boulder  Creek  is  a  tributary  of  the  Boulder,  and  its  drainage 
basin  lies  north  of  and  adjoins  that  of  Clear  Creek."  The  station  has 
been  maintained  for  each  irrigation  season  since  April,  1888,  except 
during  1893  and  1894.  The  rod  consists  of  an  inclined  timber  on  the 
north  bank  of  the  stream,  near  the  house  of  C.  E.  Barber.  Two 
ditches  take  their  water  supply  from  the  stream  at  points  above  the 
station,  these  being  the  South  Boulder  and  Coal  Creek  ditch  and  the 
Community  ditch,  and  their  discharges  are  added  to  the  discharge  as 
found  at  the  station,  so  as  to  give  the  total  run-oflf  of  the  basin.  The 
channel  of  the  stream  is  rocky  and  full  of  bowlders,  but  does  not 
change  materiall3\  Gagings  are  usually  made  by  wading,  but  at  high 
water  they  may  be  made  from  the  foot  bridge  just  above  the  rod.* 

a  For  descriptiou  see  Hayden's  Report  of  1875,  p.  436.    Also  Report  on  Ain^culture  by  Irrigation, 
Eleventh  Census,  by  F.  H.  Newell,  p.  103. 

b  For  more  detailed  data  concerning  this  station  see  Biennial  Reports  of  the  State  Engineers  of 
Colorado:  Fourth,  Part  I,  p.  64,  and  Part  II,  PI.  XXIII;  Fifth,  Part  I,  p.  36.  and  Part  II,  PL. 
XVII;  Sixth,  pp.  21  and  36;  Eighth,  p.  448;  Ninth,  p.  341;  Tenth,  pp.  225  and  273.  Also  publications 
of  U.  S.  Geological  Survey,  Eighteenth  Annual  Report.  Part  IV,  p.  169;  Nineteenth,  Part  IV,  p.  318; 
Twentieth,  Part  IV,  p.  287;  Twenty-flrst,  Part  IV,  p.  206;  Bulletin  No.  140,  p.  107;  Water-Supply  and 
Irrigation  Papers,  No.  11,  p.  64;  No.  15,  p.  91;  No.  27,  pp.  82,  86,  and  89;  No.  87,  p.  229,  and  No.  49,  p. 
286.    Also  Report  on  Agriculture  by  Irrigation,  Eleventh  Census,  by  F.  H.  Newell,  p.  103. 
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Maximum  and  minimum   ditcharge  and  average  run-off  of  South  Boulder   Creek  at 

MarshaUfoT  thai  portion  of  each  year  covered  by  records. 


Year. 


1888. 
1889. 


1892. 
1895. 
1896. 
1897, 
1898. 
1899. 


DiKharge  measurements  made  on  South  Boulder  Creek  at  Marshall. 


Date. 

1895. 
May    14 
July    18 
Oct     10 

1896. 
July      3 
Aug.      8 
Sept.  24 
Oct.     17 

1897. 

May  22 

June  19 

June  225 

July  27 

Aug.  13 

Oct  14 

1898. 
Apr.  23 
May  29 
July  11 
Aug.  6 
Oct     10 


Hydrographer. 


P.  J.  Preston 

do 

do 


Gage 
height. 


P.  J.  Preston . 

do 

R.  S.  Sumner. 
R.  J.  Preston . 


I\eet. 
2.00 
2.00 
1.05 


1.50 
0.96 
1.00 
0.9D 


L.  R.  Hope. .. 
R.  S.  Sumner. 

do 

do 

F.  Cogswell . . 
do 


A.  L.  Fellows 

do 

do 

do 

do 


Discharge. 

Run-off. 

Minimum. 

Maximum. 

Second- 

Depth  in 
inches. 

feet  per 

Date. 

Amount. 

Date. 

Amount. 

square 
mile. 

Sfe.'/l. 

Sec.-ft, 

Sept.  — 

30 

June   — 

225 

1.02 

0.92 

Oct      12 

15 

May    31 

560 

1.56 

1.39 

Sept  20 

19 

May    28 

542 

1.41 

1.26 

Sept  19 

15 

May    17 

565 

1.27 

1.14 

Oct     13 

15 

June    24 

561 

1.41 

1.26 

'  Oct       1 

14 

June     3 

1,090 

1.96 

1.76 

Oct      6 

18 

May    30 

603 

.88 

.79 

Nov.     7 

18 

June    11 

595 

1.63 

1.46 

Nov.    18 

9 

June    17 

444 

.98 

.88 

Sept  21 

9 

June    21 

663 

2.19 

1.96 

Sept.   16 

5 

June     2 

582 

1.08 

.94 

Dis- 
charge. 


Sec.-Jl. 
164 
195 
42 

88 
27 
31 
24 


2.45 

348 

2.60 

363 

2.50 

370 

1.65 

122 

1.55 

116 

0.82 

14 

1.35 

72 

2.29 

274 

1.70 

130 

1.15 

47 

0.55 

2 
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IHacharge  vieasuremeiiin  made  an  South  Boulder  Creek  at  MarfhcUl. — Oc>iitinue<l. 


Date. 

Hydrographer. 

Gage 
height 

Dis- 
chaife. 

1899. 
Apr.    22 
May      6 
June   15 

J.E.  Field 

Feet. 
1. 70 

Sec-JL 
115 

A.  L.  Fellows  . . . 

1.55 

96 

do 

2. 80 

451 

Aug.    10 
Oct.     10 

do 

1.60 

109 

do 

0.70 

7 

1900. 
July    28 
Aug.    28 

A.  L.  Fellows  . . . 
do 

1 

1.40 

1.10 

35 
10 

1 

BIG   THOMPSON   CREEK    AT   ARKIN8. 


This  stream  drains  considerable  territory  noith  of  Longs  Peak,  and 
is  one  of  the  large.st  tributaries  of  the  South  Platte,  into  which  it  flows 
about  4  miles  above  the  town  of  Evans.  The  Little  Thompson  is  an 
important  tributary  of  the  Big  Thompson,  and  the  country  drained  by 
these  two  streams  forms  irrigation  district  No.  A:  (see  PI.  IV,  B). 
The  two  streams  come  together  a  short  distance  above  where  their 
combined  waters  enter  the  South  Platte." 

Records  were  begun  upon  this  stream  in  April,  1888,  and  have  been 
maintained  for  a  portion  of  each  year  since  that  time,  except  in  the 
years  1893  and  1894.  The  location  of  the  station  has  been  changed 
several  times,  having  been  below  both  the  Handy  and  the  Home  Sup- 
ply ditches  a  portion  of  the  time  and  above  the  Home  Supply  and 
below  the  Handy  at  other  times.  At  present  it  is  located  at  the  upper 
point,  so  that  only  the  waters  carried  b}'^  the  Handy  ditch  need  to  be 
added  to  give  the  total  run-off  of  the  basin.  The  amounts  given  in 
the  tables  are  for  the  combined  flow.  Irrigation  is  practiced  on  a 
small  scale  about  20  miles  above  the  station  also,  but  to  such  a  limited 
extent  that  it  may  be  disregarded.* 

«  For  description  see  Hayden's  Report  for  1875.  p.  437;  also  Report  on  Agriculture  by  Irrigation^ 
Eleventh  Census,  by  F.  H.  Newell,  pp.  116-119. 

b  For  more  detailed  information  concerning  this  station  see  Biennial  Reports  of  the  State  Engineen 
of  Colorado:  Second,  p.  6;  Fourth,  Part  I,  p.  64,  and  Part  II,  PI.  XXII;  Fifth,  Part  I,  pp.  18  andM, 
and  Part  II,  PI.  IX;  Sixth,  pp.  21  and  84;  Eighth,  p.  430;  Ninth,  pp.  310  and  883;  Tenth,  pp.  215.216 
and  284.  Also  publications  U.  8.  Geological  Survey;  Eighteenth  Annual  Report,  Part  r\'.  p.  174. 
Nineteenth,  Part  IV,  p.  821;  Twentieth,  Part  IV,  p.  288;  Twenty-first,  Part  IV.  p.  209;  Bulletin  Ko. 
140,  p.  110;  Water-Supply  and  Irrigation  Papers,  No.  11,  p.  56,  No.  15,  p.  94;  No.  27,  pp.  83,  86,  and  89: 
No.  37,  p.  233;  No.  39,  p.  448;  and  No.  49.  p.  290.  Also  Report  on  Agriculture  by  IrrigaUon,  Eleventh 
Census,  by  F.  H.  Newell,  pp.  116-119. 
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WATER   RESOURCES   OP   COLORADO. 
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Maximum  and  minimum  discharge  and  average  run-off  of  Big  Thomjmm  Cre^k  at  Arkiw 

for  thai  jHjrlion  of  each,  year  covered  by  recorda. 


Discharge. 


Year. 


Minimum 


Date. 


1888 Apr.  8 

1889 Got.  2 

1890 Oct.  7 

1891 Sept.  17 

1892 Sept.  29 

1895 Oct.  2 

1896 Oct.  26 

1897 Nov.  18 

1898 ,  Oct.  24 

1899 '  Apr.  9 

1900 Apr.  2 


im. 

Dat( 

Maximum. 

1 

Amount. 

Amount. 

Sfc.-ft. 

Sec.'Jl. 

30 

June 

16 

862 

28 

May 

31 

546 

51 

July 

21 

1,603 

69 

June 

25 

1,182 

39 

June 

21 

1,195  i 

58 

June 

2 

1,102  ! 

76 

May 

30 

1,200  ■ 

54 

Jime 

11 

1,040 

14 

June 

24 

722 

25 

June 

21 

1,852  1 

30 

May 

30 

2,223 

Run-off.  a 


Depth  in 
inches. 


Second- 
feet  per 
square 
mile. 


0.fr4 

0.58 

.69 

.62 

1.10 

.99 

1.33 

1.19 

1.25 

1.12 

1.74 

1.56 

.81 

.73 

1.04 

.94 

.65 

.59 

1.46 

1.31 

2.42 

2.17 

a  The  run-off  given  i«  the  amount  for  that  part  of  each  year  covered  by  the  records  and  for  an 
average  month  of  thirty  days-at  the  rat4*  given  as  the  mean  for  the  period  covered. 


Discharge  meamiremejits  made  on  Big  Thompson  Creek  at  Arkins. 


Date. 


Hydrc^nrapher. 


18911 

». 

May 

9 

July 

19 

0(^t. 

1 

1896. 
June     1 
July    28 
Oct.     15 

1897. 

May  26 

June  18 

June  27 

July  21 

Sept.  16 

Nov.  11 

1898. 
May    26 


P.  J.  Preston 

do 

do 


P.  J.  Preston 

do 

do 


L.  R.  Hope .  - 
R.  S.  Sumner 

do 

do 

F.  Cogswell.. 
do 


A.  L.  Fellows 


July    13   do 

Aug.      4    do 

Oct.     14  I do 


0 
he 


t. 


Dis- 
charge. 


Feet. 
1.25 
1.90 
.45 


1.70 

1.50 

.80 

2.45 
1.60 
1.50 
1.20 
.60 
.65 

1.25 

1.60 

.70 

.40 


Sec.-Ji. 
260 
499 
42 

408 

286 

74 

804 
400 
409 
214 
61 
79 

263 
444 

87 
30 
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Dlnrharfff  meamtrements  made  on  liig  Thiim}mm  iWek  at  Arkhm — (Vmtinue4l. 


DttU*. 


Hydnifrnipher. 


1899. 
Apr.  17 
May  4 
June  13 
Aug.  8 
Oct.       6 


J.  E.  Field... 
A.  L.  Fellows 

do 

do 

do 


1900.     I 
Apr.    26  '  A.  L.  Fellows 
July    28  I do 


(^ago      DiM- 


FeH. 
0.90 

.97 
2.55 
1.73 

.50 

1.91 
1.35 


Ser.-fl. 

143 
173 
941 
406 
34 


512 
322 


CACHB   LA   POUDRB  RIVEK   AT   FORT  COLLINS. 

This  stream  is  the  largest  and  the  northernmost  of  the  tributaries 
discharging  from  the  east  front  of  the  Rocky  Mountains  into  the 
South  Platte.  During  the  irrigation  season  its  discharge  is  augmented 
by  the  supply  diverted  from  the  headwaters  of  the  Laramie  River, 
which  heads  immediately  west  of  the  headwaters  of  the  Cache  la 
Poudre,  the  diversion  being  made  through  a  canal  known  as  the  Sky- 
line canal,  already  mentioned  (p.  21).  Measurements  of  the  dis- 
charge of  the  Cache  la  Poudre  Basin  therefore  include  some  of  the 
Laramie  waters.  As  is  the  case  with  other  streams  of  this  region,  the 
normal  flow  is  almost  entirely  consumed  for  irrigation,  and  even  the 
greater  part  of  the  flood  waters  is  stored  for  late  use.  The  earliest 
and  mast  thorough  irrigation  of  the  State  is  carried  on  along  this 
stream. *"  The  station  was  established  in  1884  at  a  point  about  15  miles 
above  Fort  Collins,  and  has  been  maintained  ever  since  that  time  under 
the  direction  of  Prof.  L.  G.  Carpenter,  of  the  Colorado  State  Agri- 
cultural College.* 

The  following  tables  are  compiled  from  records  published  from  time 
to  time  by  Professor  Carpenter,  the  first  table  showing  the  normal 
discharge  as  calculated  by  him  for  the  irrigating  season,  and  the  sec- 
ond giving  a  summary  of  discharge  for  the  entire  time.  The  results 
are  to  a  certain  extent  misleading,  as  additions  have  been  made  to  the 
normal  discharge  of  the  stream  from  year  to  year  through  the  Sky- 
line  canal,  taking  its   water  from   the   headwaters  of   the  Laramie 

a  Water-supply  and  Irrigation  Paper  No.  9  and  Department  of  Agriculture  Bulletin  No.  92. 

b For  more  detailed  Information  conceniing  this  station,  see  Biennial  Report8  of  the  State  Kngi- 
neera  of  Colorado:  Second,  p.  6  and  Appendix  B;  Third,  pp.  5  and  62;  Fourth,  Part  I,  p.  61,  and  IHirt 
II,  PI.  IX;  Fifth,  Part  I,  pp.  17  and  22;  Sixth,  pp.  19  and  22;  Seventh,  p.  172;  Ninth,  p.  av.;  Tenth, 
p.  288.  Also,  publications  U.  S.  Geological  Survey:  Thirteenth  Annual  Report,  Part  III,  p.  W;  Twen- 
tieth, Part  IV»  p.  290;  Bulletin  No.  131,  p.  30;  No.  140,  p.  112;  Water-Supply  and  Irrigation  Papers, 
No.  9,  p.  16:  No.  37,  p.  235,  and  No.  49,  p.  291.  Alflo,  Report  on  Agriculture  by  Irrigation,  Eleventh 
Gensos,  by  F.  H.  Newell,  p.  116. 
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Kiver,  and  tbis  increase  is  not  considered  in  the  tables.  In  com- 
puting the  avertif^o  monthly  discharge  only  those  months  are  ioc-liided 
for  which  the  record  is  complete,  or  at  least  estimated*. 
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NonmtL  discharge  of  Cache  Itt  Poudre  River  at  Fori  VolliiisfoT  the  yearn  U  ^4  to  19()0, 

inclwtire. 


Day. 

Apr. 
See.fl. 

May. 

1 

June. 

1 

Sec.-Jt. 

2,052 

2,120 

2,250 

2,207 

2,108 

2,149 

2,136 

2,165 

2,268 

2,385 

2,319 

2,271 

2,227 

2,188 

2,171 

2,123 

2,038 

1,959 

2,005 

1,913 

1,966 

1,881 

1,810 

1,783 

1,755 

1,741 

1,633 

1,619 

1,561 

1,472 

July. 

Aug. 

Hept. 

1 

Oct. 

1 

Sec.-ft. 

589 

597 

611 

634 

686 

729 

784 

842 

916 

974 

999 

1,024 

1,012 

1,046 

1,109 

1,232 

1,240 

1,259 

1,311 

1,446 

1,625 

1,547 

1,534 

1,625 

1,720 

1,804 

1,890 

1,985 

1,980 

2,046 

2,028 

8cc.-fl. 

1,426 

1,399 

1,328 

1,290 

1,213 

1,152 

1,154 

1,118 

1,069 

1,029 

954 

965 

951 

871 

856 

814 

794 

774 

737 

694 

704 

650 

611 

«597 

«583 

«569 

«555 

«542 

«529 

«515 

502 

Sec.-/l. 
490 
485 
479 
469 
438 
«426 
414 
383 
395 
398 
374 
358 
339 
338 
324 
338 
325 
387 
333 
317 
306 
299 
291 
284 
280 
262 
251 
252 
251 
240 
247 

Sec.-fl. 

245 

238 

228 

a  225 

«222 

1   «219 

«216 

1   ^'  213 

«210 

«207 

204 

1    189 

182 

170 

166 

168 

161 

154 

151 

146 

144 

140 

139 

144 

148 

147 

148 

145 

143 

141 

Sec.-/l. 
147 

9 

137 

3 

133 

4 

137 

5 

133 

6 

131 

7 

132 

8 

133 

9..: 

130 

10 

139 

11 

129 

12 

129 

13 

132 

14 

130 

15 

127 

16 

17 

18 

19 

20 

21 

22 

23 

24 

367 
406 
446 
541 
607 
706 
651 

25 



26 

27 , 

28... 



29 

30...,            ' 

31.... 

a  Interpolated. 
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Maximum  and  minimum  discharge  and  average  run-off  of  Cache  Ui  Poudre  River  at  Fort 

ColUnsfor  thai  portion  of  each  year  covered  by  records. 


DLBcharge. 
Year.  Minimum.  Maximum. 


Run-off. 


Date. 


1884 Mar. 

1885 Oct. 

1886 Oct. 

1887 ,  Sept. 

1888 '  Sept 

1889 ,  Dec. 

1890 '  Nov. 

1891 '. '  Mar. 

1892 Mar. 

1893 Aug. 

1894 Nov. 

1895 Sept. 

1896 Aug. 

1897 •  Oct. 

1898 j  Oct. 

"09 Oct. 

1900 Sept. 


22 
5 
13 
18 
19 
17 
16 
31 
17 
31 
17 
18 
18 
1 
1 

20 


Amount. 


Date. 


I 


Sec.'Jl. 

30 

220 

110 

110 

90 

33 

39 

32 

40 

151 

42 

174 

192 

121 

35 

92 

113 


June 

June 

May 

June 

June 

June 

June 

June 

June 

June 

June 

June 

Mav 

May 

June 

June 

May 


28 

3 
29 

7 
15 

1 

2 
10 

21 

I 

12 
6 

10  1 
30 
24 

21  ' 
29' 


Amount. 

Sec.'/l. 
5,611 
3, 815 
2,666 
2,500 
1,550  I 
1,960  I 
1,804  I 
3,600 
2,535  I 
2,949 
3,672 
3,429 
2,771 
3,155 
1,699 
3,968 
4,560 


Second- 
Depth  in      feet  per 
inches.     >    square 
mile. 


1.85 
1.26 
.83 
.75 
.43 
.50 
.59 
.70 
.79 
.84 
.84 
.95 
.55 
.83 
.48 
1.08 
1.33 


1.66 
1.13 
.75 
.68 
.38 
.45 
.53 
.63 
.71 
.76 
.76 
.86 
.49 
.75 
.43 
.97 
1.19 


LARAMIE   RIVEB   AT   WOODS,  WYO. 

This  stream,  already  briefly  described  on  pages  21  and  56,  rises  in 
North  Park  in  Nortliern  Colorado,  and  flows  northerly  into  Wyoming. 
There  is  little  irrigation  from  Laramie  River  in  Colorado,  except  that  a 
portion  of  the  supply  of  the  Cache  la  Poudre  district  is  supplied  from 
this  source,  as  already  mentioned  on  pages  21  and  55  (see  PI.  V). 

The  data  for  this  station  is  published  through  the  courtesy  of  Mr. 
A.  J.  Parshall,  deputy  State  engineer  of  Wyoming." 

a  For  more  detailed  information,  see  publications  U.  8.  Geological  Survey,  Eighteenth  Annual 
Report,  Part  IV,  p.  142;  Nineteenth,  Part  IV,  p.  800;  Twentieth,  Part  IV,  p.  274;  Twenty-first,  Part  IV, 
p.  192;  Bulletin,  No.  181,  p.  28;  No.  140,  p.  95-  Water-Supply  and  Irrigation  Papers,  No.  11,  p.  50;  No.  15, 
p.  81;  No.  27,  pp.  78,  86.  and  88;  No.  37,  p.  214;  No.  89,  p.  447,  and  No.  49,  p.  273.  Also,  Report  on  Agri- 
culture by  Irrigation,  Eleventh  Census,  by  F.  H.  Newell,  p.  251. 


60 


WATEK   RES0UBCE8   OF   COLOEADO. 


[NO.  74. 


a 


O    00    ^ 


s 


oo^cCkQe^kOix-co 


O  IM  CO 


2,S 


ff 


» 


93 


I 


c 
o 


l>-  1-H  i-H 


^•  OS 

CO 


00  to 


00  OS  ko 

1— I  t>-  Oi 


s^ 


lO  00  -«**  00 


.0OO0O^QD^^C>>lA 


CO  •^  o  ^ 

?:  rH  U5  -^ 


.t^COC^U50ii35cOl> 
**,  »0    ©<    C^    C^    i-t  rfi 

•  #S       ^       »k 

«    1-H  eo  1-H 


00  CP  00  ^ 
«;  1-H  CO  ^ 


^^  ^1  ^ 


u 

^ 


00 

I 


-^  <:p  CO  lO  Q  ^d 
^  ^  OS  cO  S  q5 


I  i^i 


• 


1-H 

CO 


i>»  -^  CO  o 
c^  db  i-H  ff^ 


S  S  6 


;:h   b  ^ 


d 


a 


3 


FELLOWS.] 


SOUTH    PLATTE    DIVISION. 


61 


Marimum  and  minimum  discharge  and  average  run-off  of  Ixiramie  River  ai  Wooiis^  Wyo, , 

for  thai  portion  of  each  year  covered  by  records. 


1 

Di8 

charge. 

Date 

May 

May 

May 

June 

May 

Run-<)(T. 

Year.                  '            Mli 

1 

Date. 

[limum.            ' 
;  Amount. 

Sec.-fl. 

49 

48 

40 

1             45 

1             40 

Maxi 

k 

■*• 

25 
31 

mum. 

Amount. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1890 

1897 

1898 

1899 

1900 

1 

Aug. 

Apr. 

Sept. 

Oct. 

Sept. 

Sec.-ft, 
2,166 
3,435 
1,572 
4,502 
3,995 

0.63 
1.35 
.63 
2.15 
1.73 

0.57 
1.21 
.57 
1.93 
1.55 

Discliarge  measurements  made  on  Laramie  River  at  WoodSj  Wyo. 

Date. 

Hydrograpl 

ler. 

Gage 
height. 

Dis- 
charge. 

1894. 
Sept.   27 
Sept.  28 
Nov.      3 

W.  M.  Gilcrest . . . 

Feet, 

Sec.-ft. 
27 

do 

57 

do 



80 

1895. 
May    24 
Oct.    23 

W.  M.  Gilcrest . . . 

2.80 
0.80 

0.85 
2.40 
1.75 
1.25 
0.85 
0.80 
1.00 

0.70 
2.30 
4.10 
3.60 
3.75 
2.65 
2.00 
2.00 

1.40 

2.00 

«2.30 

fc2.40 

2.10 

1,129 

do 

49 

1896. 
Apr.    20 
May    25 
June   16 

W. M. Gilcrest ... 

75 

do 

797 

do 

350 

Jane   27 

Elwood  Mead 

198 

Aug.    19 
Aug.    30 
Oct.       2 

W.M.  Gilcrest... 

81 

do 

75 

C.  T.  Johnston 

121 

1897. 
Apr.    10 
May    12 
May    25 
June     1 

C.  T.  Johnston 

69 

do 

1, 110 

.....do  

3,538 

do 

2,509 

June     2 

do 

2,651 

June  14 

do 

1,432 

June  26 

do 

707 

June  27 

do 

706 

1898. 
Apr.    30 
May    22 
June     4 

C.  T.  Johnston 

362 

do 

758 

do 

1,017 

June     4 

do 

1,123 

June     5 

do 

823 

62 
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DMiarge  mecufuremenis  made  on  Laramie  River  at  WoodSj  Wyo. — Contanued. 


Date. 


1899. 
May    26 
June     8 
June   21 
July      6 

1900. 
May      4 


A.J.  Parshall 

do 

do 

do 


A.  J.  PanBhall 


Hydrographer. 


d  At  6  a.  m. 


<>  At  7.90  p.  m. 


Gace 
height. 

Dis- 

FbeL 

See,^ 

3.30 

2,m 

3.10 

2,319 

4.40 

il45 

2.80 

%m 

1.60 


m 


MI8CBLLANB0U8   MBASUREMENTB. 


The  following  table  of  miscellaneous  measurements  upon  South 
Platte  River  and  its  tributaries  is  compiled  from  the  Colorado  State 
Engineers'  Biennial  Reports,  and  from  all  other  available  sources. 
They  are  at  various  points  in  the  division  and  are  valuable  for  the 
information  furnished  as  to  the  discharge  at  given  times. 
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SEEPAUK    MEASUREMENTS. 

The  subjoined  tables,  taken  from  the  records  of  the  state  engineer's 
office  of  Colomdo,  illustrates  the  extraordinary  return  from  seep- 
age along  the  South  Platte  and  its  tributaries.  Measurements  have 
been  made  annuallv  for  a  numl)er  of  vears,  whenever  circumstances 
'would  permit,  by  the  state  engineer's  office  and  the  agricultural 
college  at  Fort  Collins,  Colo.,  working  in  cooperation,  from  the 
year  1889,  inclusive.  As  may  be  seen  from  the  tables,  the  return 
from  seepage  increases  irregularly  from  year  to  year,  l)eing  natu- 
rally considerably  less  during  a  very  dry  year  than  during  a  wet  year. 
The  year  1896,  for  example,  was  very  dry,  and  the  returns  were  much 
less  than  they  would  have  been  normalh\  The  year  1898  was  again 
<\r}\  and  the  return  was  again  small. * 

a  For  more  detailed  information  upon  this  subject  see  Biennial  Reports  of  the  State  Engineers  of 
C^olorado:  Fifth,  Part  I,  pp.  659  to  573:  Sixth,  pp.  51  to  65;  Seventh,  176  to  195;  Eighth,  881  to  401; 
:N'inth,  905  to  317;  Tenth,  208  to  236.  Also  Report  on  Agriculture  by  Irrigation,  Eleventh  Census,  by 
K.  H.  Newell,  p.  133. 
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KANSAS   RIVER  BASIN. 

A  considerable  portion  of  eastern  Colorado  is  drained  by  the  head- 
waters of  Kansas  River,  the  principal  tributaries  being  branches  of 
Republican  and  of  Smoky  Hill  rivers.  These  streams,  unlike  the 
other  streams  of  Colorado,  do  not  originate  in  the  mountains;  they 
derive  their  water  supply  directly  from  the  nin-off  and  underground 
flow  of  the  plains.  The  measurements  of  the  General  Land  Office 
show  that  there  are  about  9,459  square  miles  in  Colorado  belonging  to 
this  drainage  basin.  This  territory,  although  not  l>elonging  physically 
either  to  the  South  Platte  division  or  to  the  Arkansas  division,  is 
divided  in  accordance  with  the  Colorado  laws  between  the  two,  the 
lands  drained  by  the  North  and  Middle  forks  of  the  Republican  and 
their  tributaries  constituting  district  No.  65  and  l>eing  apportioned  to 
irrigation  division  No.  I,  the  South  Platte  division;  while  the  lands 
drained  by  the  South  Fork  of  the  Republican  and  the  Smoky  Hill 
rivers  and  their  tributaries  constitute  district  No.  49  and  are  allotted 
to  irrigation  division  No.  II,  the  Arkansas  division.  The  water  supply 
of  all  these  streams  is  small,  but  a  number  of  ditches  have  been  con- 
structed and  irrigation  is  carried  on  so  far  as  it  is  possible.  Only  a 
few  gagings  have  been  made  upon  these  streams  in  Colorado,  and 
these  are  given  below  in  the  list  of  miscellaneous  measurements. 
Stations  have  been  maintained  in  Nebraska,  however,  and  some  of  the 
records  of  those  nearest  to  the  Colorado  line  are  given,  as  found  in  the 
records  of  the  U.  S.  Geological  Survey.** 

FRENCHMAN    RIVER   AT    WAUNETA    AND    PALIHADE,   NEBR. 

The  station  at  Wauneta  was  located  in  1895.  It  is  the  highest  sta- 
tion upon  the  Frenchman,  being  about  25  miles  east  of  the  line  between 
Colorado  and  Nebraska.  The  channel  has  not  proved  favorable  to 
accurate  results  and  the  station  was  therefore  discontinued  in  1896. 

The  station  at  Palisade  was  located  October  14,  1894,  at  a  point 
about  three-fourths  of  a  mile  above  the  railroad  station  at  Palisade,  or 
about  16  miles  below  the  gaging  station  at  Wauneta.  The  results 
^ere  unsatisfactory  here,  also,  and  the  station  was  discontinued  in 
1896. 

The  results  have  considerable  importance  in  connection  with  any 
investigation  of  the  Colorado  water  supply,  as  the  greatest  source  of 
supply  for  the  streams  of  this  section  is  the  underground  flow  of  east- 
em  Colorado. 


a  For  more  detailed  infoimation  concerning  this  drainage  basin  see  publications  U.  S.  Geological 
Survey:  Sixteenth  Annual  Report,  Part  II,  p.  547;  Eighteenth,  Part  IV,  p.  194;  Nineteenth,  Part  IV, 
p.  337;  Twentieth,  Part  IV,  p.  304;  Bulletins  No.  131,  p.  32;  No.  140,  p.  123.  For  earlier  history  and 
description  see  Vol.  XVII,  Tenth  Census,  p.  56;  also  Eighth  Biennial  Report  of  State  Engineer  of 
Colorado,  p.  21;  and  Artesian  and  Underflow  Investigations,  Ex.  Doc.  No.  222,  Fifty-first  Congress, 
ftnt  aesBion,  and  £x.  Doc.  53,  Parts  1  and  2,  Fifty-first  Congrew*,  m^cond  se^ion. 
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Estimated  monthly  discharge  of  Frenchman  River  at  Palisade,  Xebr. 

[Drain&ge  area,  l,0Ct2  nquare  miles.] 


Month. 


Mean. 


1895.  Sec-feet. 

April '  137 

Mav I  129 

June ." 117 

Julv 99 

August '  78 

September 74 

106 

1896.  

May i  114 

June 104 

July 94 

August 76 

September 82 

October 83 


92 


Run-off. 


Total. 


PersQuare 
mile. 


Dei>th. 


Acre-/^. 
8,152 
7,932 
6,962 
6,087 
4,796 
4,403 

38,430 


Sec-feet. 
0.13 
.13 
.11 
.10 
.08 
.07 


Incka. 

0.14 
.15 
At 
.11 
.OH 


7,010 
6,188 
5,780 
4,673 
4,879 
5,103 

33,4«8 


.10 

.11 
.10 
.09 
.07 
.08 
.08 

.09 


TO 

n 
11 
it> 


NORTH    AND   SOUTH    FORKS   OK   REPUBLICAN   RIVER   AT  BENKELMAN,  NBBR. 

These  stations  are  fully  described  in  the  reports  to  which  reference 
has  already  been  made  in  connection  with  the  Kansas  Basin.  They 
are  located  upon  the  two  forks  of  Republican  River,  near  Benkelman, 
Nebr.,  about  20  miles  east  of  the  Colorado  line. 

The  channel  is  in  each  case  sandy  and  shifting,  and  frequent  change> 
in  the  rating  tables  are  necessary.  Both  stations  were  established  in 
November,  1894,  and  were  maintained  only  until  the  fall  of  1895,  when 
they  were  discontinued  owing  to  the  unsatisfactory  natui*e  of  the 
results.  A  few  gagings  have  since  been  made,  which  are  included  in 
the  list  of  miscellaneous  measurements  below,  page  69. 

Estimated  monihly  discharge  of  North  Fork  Republican  River  at  Benkelmany  AIp't. 
[Altitude,  2,968  feet;  drainage  area,  about  4,900  »quare  miles.] 

Month. 


Mean. 


1895. 

March 

April 

May 

June 

July 

August 

September 


Total 


Hectrttdrftrtt. 

_4c»r^'ri 

78 

4,7r^ 

59 

3,511 

25 

1,5:*: 

155 

9,  *»:l 

124 

7,87iJ 

34 

^.iii^l 

Dry. 

u 
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MISCELLANBOUH  GAGINGS   IN  THB   KANSAS  RIVER   BASIN. 

In  the  following  table  are  given  the  results  of  gagings  of  streams  in 
the  Kansas  River  Basin  naade  during  seveml  years  by  hydrographers 
acting  under  the  direction  of  the  United  States  Geological  Survey. 

Mi«ceUane(/iJ4i  gagings  in  the  KnriMis  River  Bagin. 


stream. 


Chief  Greek I  5 


Locality. 


I>at<> 


Hydmgrapher.        !  DfHohaixe. 


_i 


Sfc.-ft. 


North    Fork    Re- 
publican River. 

Do 


miles     below 
Robb,  Colo.         ' 

6     miles     below  ' 
Robb,  Colo. 

3     miles     below  , 
Wray,  Colo. 

Do At  State  line | 

South    Fork    Re-  '  2i  miles  west  of 
publican  River. 

Arikaree  Creek  . . 


Mar.  23,1891  '  L.  R.  Hope. 


do 


Apr.  24 

do 

Apr.  26 


Frenchman  River 
Do 


State  line. 

3  miles    west    of  ,  Apr.  27 
State  line. 

Wauneta,  Nebr 

do 


I 


.do 
.do 
.do 
.do 
do 
.do 


Do 

Do 

Do 

Do 

Do 

Do 

Do Palisade,  Nebr. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
do 
do 


North    Fork    Re-  |  Benkelman,  Nebr 
publican  River. 

Do 

Do 

Do 

Do 

Do 


Do 
Do 


do 

do 

do 

do 

7  miles  west  of  Beii- 


Aug.  9 
Sept.  10 
May  15 
June  18 
Julv  14 
Aug.  12 
Sept.  16 
Oct.  17 
Dec.  8 
Mar.  22 
June  5 
July  4 
Aug.  9 
Aug.  10 
May  15 
June  18 
July  15 
Aug.  13 
Sept.  16 
Oct.  17 
Dec.    9 

Mar.  23 
June  4 
June  24 
Aug.  7 
June  16 


kelman,  Nebr  . 
Benkelman,  Nebr 
do 


1891 


1891 

1891 

1895 
1895 
1896 
1886 
1896 
1896 
1896 
1896 
1894 
1895 
1895 
1895 
1895 
1895 
1896 
1896 
1896 
1896 
1896 
1896 


.do 

.do 

do 
do 

do 


O.  V.  P.  Stout 

do 

C.  E.  Crownover. . 
O.V.P.Stout .... 
E.  G.  Youngfelt  . . 
O.  V.  P.  Stout . . . . 
E.  G.  Youngfelt  . . 
V.  E.  Crownover.. 
O.V.P.Stout  .... 
do 


do 

do 

do 

do 

C.  E.  Crownover. 
O.  V.  P.  Stout . . . 
E.  G.  Youngfelt  . 
O.V.P.Stout  ... 
E.  G.  Youngfelt . 
C.  E.  Crownover. 


1894  !  O.  V.  P.  Stout 


1895 
1895 
1895 
1895 
1896 


do 

Aug.  25, 1896 


do 
do 
do 
do 
do 


do 

E.  G.  Youngfelt 


20 
21 
51 

70 

78 

14 

61 
56 
85 
48 
91 
46 
85 
63 
116 
100 
154 
74 
68 
72 
103 
51 
93 
64 
85 
83 
75 

72 
141 
36 
64 
88 

29 
0 
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Miacellaneaus  gagings  in  the  Kansas  River  Basin — Oontiniied. 


Stream. 


South    Fork    Re- 
publican River. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

North    Fork    Re- 
publican River. 

Frenchman  River . 

Do 


Locality. 


Benkelman,  Nebr. 


.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 


Wauneta,  Nebr 
Palisade,  Nebr. 


Date. 


Dec.    9, 1894 

Mar.  23, 1895 
June  4,1895 
June  24, 1895 
July  3,1895 
Aug.  7,1895 
June  16, 1895 
Aug.  18, 1900 
do 


Hydro^rapher. 


O.  V.  P.  Stout 


Dischaige. 


S^.-fL 


July  27, 1900 
do 


do 

do 

do 

do 

do 

E.  G.  Youngfelt . . 

O.V.P.Stout 

do 


A.  B.  McCoakey 
do 


41 

348 

75 

278 

22 

3 

3 

42 

74 

91 


ARKANSAS  RIVER  DIVISION. 


DRAINAOE. 


The  drainage  basin  of  Arkansas  River  has  been  so  fully  described 
in  other  reports  ^  that  but  a  brief  description  of  its  physical  character 
is  necessary  at  this  time.  The  river  rises  a  little  west  of  the  center 
of  the  State,  near  Leadville,  and  flows  southerly  and  westerly  until  it 
passes  into  Kansas,  a  short  distance  above  Coolidge.  Until  Canyon  is 
reached  the  country  passed  through  is  in  general  rather  mountainous 
and  comparatively  little  irrigation  is  practiced,  the  water  being  used 
mainly  for  power,  for  domestic  supply,  and  for  placer  mining,  and 
here  and  there  only  for  irrigation  in  a  small  way.  At  Canyon,  how- 
ever, the  valley  becomes  broader,  and  when  the  river  reaches  Pueblo 
it  enters  the  broad  plains  of  eastern  Colorado,  upon  which  the  irriga- 
tion practiced  is  limited  only  by  the  amount  of  water  available. 

The  territory  drained  by  the  Arkansas  and  ils  tributaries  forms 
irrigation  division  No.  II,*  which  is  subdivided  into  a  number  of  water 
districts.  These  are  district  No.  11,*^  at  the  head  of  the  Arkansas,  in 
which  there  is  but  little  irrigation  and  the  water  is  used  principallv 
for  storage,  placer  mining,  and  for  the  development  of  power;  district 

a  Sec  Hayden's  reports,  and  publicationH  of  the  U.  S.  Geolc^cal  Survey  as  follows:  TenUi  Axuaoal 
Report,  Part  II,  pp.  C9  and  86;  Eleventh,  Part  II.  pp.  45  and  300;  Thirteenth,  Part  III,  p.  362;  Seventeenth, 
Part  II,  p.  657:  Eighteenth,  Part  IV,  p.  223;  Nineteenth,  Part  IV,  p.  361;  Twentieth,  Part  IV.  pu  323: 
Twenty-first,  Part  IV,  p.  229;  Bulletin  No.  181,  p.  34;  No.  140,  p.  153;  Water-Supply  and  Irrigation  Paper 
No.  37,  p.  225;  No.  59,  p.  819.  Also,  Report  on  Agriculture  by  Irrigation,  Eleventh  Census,  by  F.  H. 
Newell,  p.  97. 

b  Fourth  Biennial  Report  Colorado  State  Engineer,  Part  I,  p.  46;  for  map  see  Fourth  Biennial  Report 
Part  II,  Fla'  « I;  Seventh  Biennial  Report,  the  same.  Also,  Report  on  Agriculture  by  Irrigmtion, 
Eleventh  Census,  by  F.  H.  Newell,  p.  97. 

e  For  map  see  PI.  I  in  Part  II  of  Fourth  and  Beventh  and  PI.  II  in  Part  II  of  Fifth  Biennial  Refiort 
of  State  Engineers. 
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No.  12,^  the  Canyon  district,  where  irrigation  is  extensively  practiced, 
both  upon  the  main  stream  and  upon  its  tributaries;  district  No.  14,^ 
the  Pueblo  district,  where  the  larger  canals  begin  to  divert  the  water 
of  the  main  stream;  district  No.  17,^  the  Rocky  ford  district,  in  which 
irrigation  is  very  extensively  practiced,  the  largest  canals  in  the  State 
having  their  headgates  in  this  district,  and  district  No.  67,*  where  the 
waters  are  entirely  used  for  irrigation,  enormous  canals  and  reservoire 
diverting  the  total  flow  during  the  greater  portion  of  the  year.  The 
districts  comprising  the  territories  drained  by  the  more  important  of 
the  tributaries  are  as  follows: 

District  No.  10,^  comprising  the  drainage  basin  of  Fontaine  Qui 
Bouille;  No.  IS,*'  comprising  the  drainage  basin  of  Grape  Creek;  No. 
15,*  of  the  St.  Charles;  No.  16,-^  of  the  Huerfano  and  Cucharas;  No. 
18,*  the  Apishapa;  No.  19,*  the  Purgatory,  and  No.  66,  in  which  a 
little  irrigation  is  practiced  upon  the  tributaries  of  the  Dry  Cimarron. 

District  No.  49,6^  in  which  are  the  headwaters  of  the  South  Fork  of 
the  Republican,  can  hardly  be  classed  with  any  of  the  divisions,  as  it 
is  not  of  the  drainage  basin  either  of  the  South  Platte  or  of  the 
Arkansas,  but  lies  between  the  two,  and  comprises,  with  No.  65,  the 
headwaters  of  the  Kansas.  Of  the  various  tributaries  of  the  Arkan- 
sas, those  which  enter  the  stream  above  Pueblo  may  be  classed  as 
mountain  streams,  while  those  entering  below  that  city  tave  more  of 
the  nature  of  streams  of  the  plains,  although  several  of  them,  as  the 
Huerfano,  the  Apishapa,  and  the  Purgatory,  head  in  the  mountains.^ 
As  is  the  case  in  the  South  Platte  drainage,  the  mountain  streams  are 
perennial  in  nature,  although  there  is  a  very  high  stage  in  the  spring 
and  early  summer  and  a  veiy  low  stage  in  the  fall  and  winter.  The 
plains  streams  are  nearly  always  dry,  except  after  storms  and  for  com- 
paratively short  distances  near  their  heads,  where  the  water  is  gen- 
erally used  for  irrigation.  Although  by  far  the  greater  portion  of 
the  water  of  the  Arkansas  is  used,  there  are  still  opportunities  for 
storage,  especially  along  some  of  the  plains  streams.  If  water  is  to 
be  stored,  however,  such  canals  must  be  constructed  as  will  safely 
divert  great  quantities  of  water  for  short  durations  of  time,  and  convey 
them  to  large  resen^oirs  in  the  plains,  where  there  are  many  sinks  or 
depressions  available.     A  number  of  reservoirs  have  been  segregated 

"For  map  see  PI.  I  in  Part  II  of  Fourth  and  Seventh  and  PI.  II  In  Part  II  of  Fifth  Biennial 
Reports  of  State  Engineers;. 

bPor  map  see  PI.  1  in  Part  II  of  Fourth  and  Seventh  and  PI.  IV  In  Part  11  of  Fifth  Biennial 
Reports  of  State  Engineers. 

<^For  map  see  Pis.  I  and  IX  of  Part  II  of  Fourth  and  Seventh  and  PI.  IV  in  Part  II  of  Fifth 
Biennial  Beports  of  State  Engineers. 

<*  For  map  see  PI,  I  in  Part  II  of  Fourth  and  Seventh  Biennial  Reports  of  State  Engineers. 

« For  map  see  F1&  I  and  XI  m  Part  II  of  Fourth  and  Seventh  and  Pi.  IV  in  Part  11  of  Fifth 
Biennial  B^eports  of  State  Engineers. 

/For  map  see  Pis,  I  and  XII  In  Part  II  of  Fourth  and  Seventh  and  PI.  IV  m  Part  11  of  Fifth 
Biennial  Beports  oi  State  Engineers. 

9Seepage09. 

A  For  tfiorough  investigation  of  the  plains  region  see  Seventeenth  Annual  Report  U.  S.  Geological 
Survey,  Part  U,  p.  667. 
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in  this  baain  by  the  General  Government,  but  no  careful  sun-eys 
have  been  made  of  any  of  them,  excepting  a  few  at  the  head  of  the 
Arkanuajj."  The  principal  reservoir^}  of  this  division  now  in  use  an? 
Twin  Lakes*  reservoir  {see  figs,  y,  3,  and  4),  which  is  being  used  bv 
the  Twin  Lakes  Land  and  Water  Company,  and  the  reservoirs  of  thf 
Great  Plains  Water  Coiii]»ny,  the  latter  being  located  about  12  mileti 
north  of  Lamar  in  great  natural  deprestiions ''  (see  fig.  6). 

The  agriculture  of  the  Arkansas  River,  as  well  as  of  the  South 
Platte,  is  exceedingly  varied,  on  the  upper  portions  only  hay  and 
grain  being  cultivated,  while  throughout  its  middle  and  lower  coun^^ 
fruit  i^  extensively  raised,  and  lower  down  melons,  sugar  beets,  and 
alfalfa  are  among  the  staples.  Horse,  cattle,  and  sheep  raising  are 
extensively  practiced  throughout  the  division. 

STAEAM    MBA8UHEMENT8. 

Stations  have  been  maintained  upon  the  main  stream  and  its  tribu- 
taries in  the  division  for  longer  or  shorter  periods  of  time  at  Twid 
Ijakes,  Ciranite,  Salida.  ('anyon,  Pueblo,  Nepesta,  Manzanola.  Kocky- 


Fig.  z~ekelch  showing  original  outlet  and  artlflclsl  cbaniiel  trom  Tvln  ImXta. 

ford.  La  Junta,  Liw  Aniiims,  Prowers,  Ijaiuar,  Granada,  upon  the 
main  stream,  and  at  Trinidad,  .T.  J.  ranch,  and  I^as  Animas  on  t\\v 
Purgatory.  Of  the  stations  named  those  at  Manzanola,  La  Junta. 
Las  Animas,  and  Granada  are  unimportant,  so  far  as  thii^  conapilstion 
is  concerned,  as  the  resultn  obtained  have  not  l>een  of  Hufiicient  pahie 
to  wari'ant  the  deduction  of  any  conclusions  from  them.  Thoso  at 
J.  J.  mnch  and  Las  Animas  on  the  Purgatory  are  also  oniitted  for 
the  same  reason.  The  measurements  made  at  these  points,  however. 
will  be  found  in  the  list  of  miscellaneous  measurements  {p.  99). 


aSeu  Auiiiul  Ktponii  I'.  S,  GtiilogicaJ  Survej-:  Tt^nth.  Part  II,  p.  M:  Elev«DCti.  I>an  II, 
Twelfth,  PartlI.p.6SiTlilrtecnlh,I'iirt  III,  pp.  362-370;  Twenllclh,  Part  IV.  p.  31. 

bBix  Annual  Reports  U.  B.  Oeologjuil  Survey:  Tenth.  Part  II.  p.  96:  EleTenlh,  Part  II.  | 
Thirteenth,  Pnrt  [tl,  pp.  365  and  IM;  Nineteenth,  Part  IV.  p.  ara;  Twentieth,  Pari  IV.  p.  3Z 
Twenty- fln-t,  Pnrt  IV,  p.  23». 

•'FordeacrlptlouaKeaeporlalaat  cited;  nlm  Tweniy-llral  Annual  Report.  Part  IV,  p.  2W, 


A.    QUEEN  RESERVOIR 


KINS   BIRO  CANAL 


ARKANSAS   EIVEB   DIVISION. 


Lake  Creek  enter^s  the  ArkatidaH  »  short  distaiu-e  above  the  town  of 
Granite.  It  in  not  a  larj^  stream,  but  it  is  of  coDsidemble  iinportant.'e 
owing  to  the  fact  that  within  its  basin  lie  the  Twin  Lakes,  used  as  reser- 
voirs by  the  Twin  Lakes  Land  and  Water  Company.  No  regular  meas- 
urements have  been  maintained  upon  this  stream,  those  that  are  given 
iH'ing  derived  from  various  sources  and  made  in  various  places.  The 
present  stations  are  two  in  number,  one  between  the  two  lakes,  known  as 


Fig.  3.— LoD^tudlnul  BecUoQ  Ibrousb  gales,  dun,  uid  culvert  ul  Twin  lakeR  rcMTVolr. 

the  Interlaken  Station,  and  one  below  the  lower  lake,  known  as  the  Lower 
Twin  Lakes  Station.  Measurements  may  be  made  at  either  station  at  low 
water  by  wading,  but  at  high  water  advantage  may  be  taken  of  bridges 
eonstructed  across  the  stream.  The  channel  at  the  Interlaken  sUition  is 
good,  l)ut  this  station  must  necessarily  be  abandoned  as  soon  as  the  water 
is  raised  above  what  was  the  highwater  mark  before  the  construction  of 
the  dam  de.scritjed  in  the  Twenty -first  Annual  Report,  Part  IV.     At  the 


lower  station  the  channel  is  rocky,  but  fairly  permanent  in  its  nature, 
and  the  banks  are  high  and  not  liable  to  overflow. 

The  importance  of  the  stations  lies  in  the  facts  that  the  data  obtained 
will  furnish  information  concerning  available  power  and  will  be  of 
eMpecial  value  in  determining  the  amount  of  water  to  which  the  Twin 
Lakes  Land  and  Water  Company  is  entitled  at  its  head  gates.  The 
waters  of  this  stream  are  also  largely  used  in  placer  mining. " 

n  For  more  deulled  dma  concerning  these  Bullous,  gee  TeDth  Bleunlal  Report  ot  tbe  Stale  EiikI- 
iieiTs  of  Colorado,  p.  293,  and  pubiicalloDs  of  the  lis, Geological  eimey.  as  tollows:  Eleventh  Annusl 
Rof^n,  Part  II,  pp.  <7  aad  96;  Twelfth,  Part  II.  PI.  LXVl,  opposite  p.  240^  TwcDly-flrst.  Part  IV 
p.  -23H:  Wnlei-Supply  aod  IrrlgatlOD  Papem  No.  ST,  p.  2b6;  No.  S9.  p.  449;  and  No,  SO.  p.  X». 
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Edimaied  monlhly  discharge  of  Lake  Creek  at  Twin  Lakes. 
[Altitude,  9,012  feet;  dralnacre  area  below  both  lakes,  109  square  miles.] 


DiBcharge  in  second-feet. 


Run-off. 


Month. 


Maxi-    . 
mum.    , 


Mini- 
mum. 


June  21  to  30 

July 667;        370 

August 588  .        230 

September  Itoll 

July  22  to  31 

August 182  i  40 

September  1  to  8 ' 


Mean. 

847 
454 
381 
194 
206 
119 
35 


Total  in  acre- 
feel. 


I 


50,519 

27,915 

23,427 

11,543 

4,086 

7,317 

555 


Second- 
feet  per 
square 
mile. 


7.79 
4.17 
3.50 
1.78 
1.89 
1.09 
.32 


Depth  in 
inches. 


8.69 
4.81 
4.04 
1.99 

.79 
1.26 

.10 


Date. 


1899. 


July 

17 

Oct. 

12 

1899. 

June 

21 

July 

17 

Oct. 

12 

1900. 

July 

9 

July 

16 

1900. 

July 

10 

July 

18 

Aug. 

3 

Sept. 

4 

1899. 

June 

21 

June 

27 

July 

17 

July 

24 

Aug. 

14 

Oct. 

13 

1900. 

July 

10 

July 

16 

July 

18 

July 

18 

July 

18 

Aug. 

11 

Sept. 

4 

JMscharge  measuremenis  made  on  Lake  Creek  at  TvHn  Lakes, 


Hydro^rapher. 


A.  L.  Fellows 
do 


O.  O.  McReynolds 

A.  L.  Fellows 

do 


A.  L.  Fellows 

O.  O.  McReynolds 

A.  L.  Fellows 

do 

O.  O.  McReynolds 
C.W.Beach 


0. 0.  McReynolds 

do 

A.  L.  Fellows 

O.  O.  McReynolds 

do 

A.  L.  Fellows 


A.  L.  Fellows 

O.  O.  McReynolds 

A.  L.  Fellows 

do 

do 

O.  O.  McReynolds 
C.W.Beach 


Qage 

height. 


Feet. 

2.80 
1.90 

3.60 
1.90 
1.40 

1.70 
1.00 

.85 
.50 
.25 
.15 

3.80 
3.20 
2.55 
2.50 
2.50 


Dis- 
charge. 


2.50 
2.40 
2.35 
2.50 
1.97 
2.13 
1.30 


See.-Jl. 

273 
27 

1,007 

374 

42 

203 
146 

248 

122 

52 

25 

1,208 
696 
391 
344 
183 
22 

193 
245 
210 
260 
118 
156 
25 


Remarks. 


At  ol<l  station  No.  1.  (Sta- 
tion in  channel  above  up- 
per lake. ) 


At  old  station  No.  2.  (Sta- 
tion at  bridge  over  chan- 
nel between  lakes.) 


Interlaken  Station.  (Station 
at  head  of  channel  between 
lakes.) 


Old  station  No.  3.  (Station 
at  head  of  channel  dis- 
chaiigingfrom  lower  lake. ) 


Lower  Twin  Lakes  Station. 
(Station  below  junction  of 
old  channel  and  new^  cut 
discharging  from  lake. ) 
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ARKAN8A8  RIVER  AT  6RANITB 


This  station  was  located  at  the  wagon  bridge  across  the  Arkansas  at 
Granite,  measurements  being  made  from  this  bridge.  The  results  are 
not  of  great  value,  owing  to  the  extremely  changeable  nature  of  the 
channel,  which  lies  in  beds  of  bowlders  and  gravel  and  shifts  con- 
stantly. For  that  reason  measurements  and  records  have  not  been 
kept  up  closely.  The  present  condition  of  the  channel  seems  to  be 
somewhat  more  stable,  however,  and  the  station  may  be  reopened. 
It  is  important  from  the  fact  that  the  discharge  of  the  entire  upjjer 
portion  of  the  Arkansas,  which  is  of  the  most  value  for  the  develop- 
ment of  power  and  for  placer  mining,  may  be  learned  from  the  data 
obtained  at  this  point. ^ 


Estimated  monthly  discharge  of  Arkansas  River  at  Granite. 
[Altitude,  8,980  feet;  drainage  area,  425  square  miles.] 


Month. 


1898. 


August 

September, 


Discharge  in  second-feet. 


Maxi- 
mum. 


1897. 

May 2,058 

June 2,162 

July 1,096 

August 

September 

October 

November 

December 


546 
350 
lU 


151 
93 


Mini- 
mum. 


268 
923 
444 
176 
114 
114 


75 
8 


Mean. 


1,109 

1,459 

719 

350 

169 

114 

«>115 

«>115 

113 
45 


Total  in  acre- 
feet. 


68,190 

86,817 

44,209 

21,520 

10,067 

7,009 

6,843 

7,071 

6,948 
2,678 


Run-off. 


Second- 
feet  per 
sqare 
mile. 


2.61 
3.43 
1.69 
.82 
.40 
.27 
.27 
.27 


Depth  in 
inches. 


.27 
.11 


3.01 
3.83 
1.95 
.94 
.45 
.31 
.30 
.31 

.31 

.12 


a  For  more  detailed  information  concerning  this  station  see  Biennial  Reports  of  the  State  Engineer 
of  Colorado:  Eighth,  p.  484;  Ninth,  p.  859;  Tenth,  p.  296.  Also  publications  U.  S.  Geological  Survey: 
Eleventh  Annual  Report,  Part  II,  pp.  47  and  96;  Nineteenth,  Part  IV,  p.  358:  Twentieth,  Part  IV,  p. 
880;  Water-Supply  and  Irrig&tion  Papers,  No.  16,  p.  117;  No.  28,  pp.  110,  116,  and  117:  No.  37.  p.  257; 
No.  39,  p.  449.    Also,  Report  on  Agriculture  by  Irrigation,  Eleventh  Census,  by  F.  H.  Newell,  p.  lOL 

b  Approximate. 
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Discharge  mecuuremerUs  made  on  Arkansas  Rwtr  at  Ghraniie. 


Sept.   28  t do 

1897.     ' 


17 

8 

18 


31 

27 

6 


Apr. 
May 
May 
Jane  29 
July  27 
Aug. 
Sept 
Nov. 

1898. 
July    30 
Aug.    28 
Oct.     26 

1899. 
May    25 
July    15 
Oct.     14 

1900.' 
July      9 


C.  C.  Babb. 
F.  Cogswell 

do.... 

do.... 

do.... 

do.... 

do  .... 

do  .... 


Gage  DIa- 

height.    I  charge. 


A.  L.  Fellows 

do 

do 


.do 
do 
do 

do 


Feet. 
0.50 
3.10 

3.20 
4.20 
4.90 
4.60 
3.75 
3.20 
3.10 
3.00 

3.50 
3.40 
3.30 

5.00 
2.80 
1.60 


See.'/t. 
1,065 
215 

120 
940 
1,236 
1, 151 
415 
206 
203 
153 

151 

112 

75 

1,476 

1,178 

130 

570 


ARKANSAS   RIVER   AT  8ALIDA. 


This  station  is  located  at  the  footbridge  near  the  railroad  shops  at 
Salida.  It  was  established  April  11,  1895,  and  has  been  maintained 
for  a  portion  of  each  year  since  that  time.  The  gage  rod  has  been 
fastened  to  the  north  side  of  the  footbridge,  but  considerable  diffi- 
culty has  been  experienced  owing  to  the  fact  that  ice  and  logs  con- 
stantly interfere  with  the  rod,  three  new  rods  having  been  required  in 
1900.  The  banks  are  high  and  are  not  subject  to  overflow,  but  there 
are  large  bowlders  in  the  stream  which  interfere  with  the  accuracy  of 
the  results  of  measurements. 

The  importance  of  the  maintenance  of  the  station  lies  in  the 
information  furnished  as  to  the  time  required  for  water  to  flow  from 
Granite  to  Salida  and  again  from  Salida  to  Canyon,  this  question 
having  a  bearing  upon  the  distribution  of  the  use  of  the  water  turned 
out  from  Twin  Lakes;  and  it  is,  moreover,  valuable  from  the  point  of 
view  that  it  is  extremely  probable  that  the  entire  discharge  of  the 
Arkansas  at  this  point  may  eventually  be  used  for  power  purposes  in 
the  Grand  Canyon  of  the  Arkansas.^ 

a  For  more  detailed  information  concerning  this  station,  sec  Biennial  Reports  of  the  State  Engi- 
neeiB  of  Colorado:  Eighth,  p.  480;  Ninth,  p.  361;  Tenth,  p.  298.  Also  publications  U.  S.  Geological 
Survey:  Eighteenth  Annual  Report,  Part  IV,  p.  224;  Nineteenth,  Part  IV,  p.  355;  Twentieth,  Part  IV, 
p.  831,  Twenty-first,  Part  IV,  p.  230.  Bulletin  No.  140,  p.  155;  Water-Supply  and  Irrigation  Papers.  No. 
16.  p.  118;  No.  28,  pp.  110  116,  and  117;  No.  87,  p.  258;  No.  39,  p.  460:  and  No.  50,  p.  322.  Also  report  on 
Agriculture  by  Iirlgation,  Eleventh  Census,  by  F.  H.  Newell,  p.  104. 
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Maximum  and  minimum  discharge  and  average  run-off  of  Arkansa*  River  at  Salidafor 

ikai  portion  of  each  year  covered  by  records. 


Year. 


Discharge. 


Minlmam. 


Maximum. 


1895 
1897 
1898 
1899 
1900 


Date. 


May  14 
May  31 
Aug.  2 
June  20 
June     1 


Amount. 


Sec.'ft. 

2,462 

2,910 

428 

3,900 


3,633 


Run-off. 

Depth  in 
inches. 

Becond- 

feet  per 

square 

mile. 

0.99 

0.89 

.91 

.82 

.23 

.21 

.92 

.83 

.74 

.67 

Discharge  measurements  made  on  Arkansas  River  at  Sctlida. 


Date. 


A.  P.  Davis 


1895. 
Sept  27 

1896. 

May    26 

June  24  .....do 
. . .  .do 
....do 


Hydrographer. 


Gage 
height. 


T.  Cogswell 


Sept.   29 
Oct.     27 


Feet. 
0.60 


3.10 

1.40 

1.00 

.80 


1897. 
Apr.  17 
Apr. 
May 
May 
June 
July 
Aug. 
Sept. 
Nov. 


27 
8 
30 
29 
27 
31 
27 
6 


C.  C.  Babb  . 
F.  Ck)g8well 

do 

do 

do 

do 

do 

do 

do.... 


1898. 

Apr.  27 

May  20 

June  25 

July  29 

Aug.  26 

Oct.  26 


A.  L.  Fellows. 
do 


do 
do 
.do 
.do 


Dis- 
charge. 


Sec.-Jl. 
463 


«  2, 023 
638 
352 
317 


.69 

219 

1.55 

709 

2.20 

1,178 

4.a5 

2,821 

2.50 

1,492 

1.35 

606 

.85 

371 

1.00 

405 

.90 

378 

1.10 

480 

3.10 

445 

3.10 

2,352 

1.25 

568 

.90 

360 

.80 

222 

a  Approximate;  meter  out  of  order. 
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Discharge  meagurements  made  on  Arkansas  River  at  Salida — Continued. 


Date. 


1899. 
Apr.    26 
May    25 
July    14 
Nov.    18 

1900. 
Mar.    15 
June   14 
Aug.     8 
Aug.    22 


Hydrographer. 


A.  L.  Fellows. 

do 

do 

do 


A.  L.  Fellows. 

do 

do 

do 


Gage 
height. 

Dis- 
charge. 

Feet 

Sec.'/t 

1.72 

686 

3.10 

1,999 

2.40 

1,801 

.80 

317 

.90 

271 

4.30 

3,036 

1.08 

443 

.87i 

364 

ARKAN8AS   KIVKK   AT   CANYON. 


This  station  is  located  near  the  Hot  Springs  Hotel,  li  miles  west  of 
Canyon,  and  a  short  distance  below  the  mouth  of  Grape  Creek  (see 
PL  VH).  It  was  established  in  the  year  1889,  and  records  have  been 
kept  up  ever  since  that  time,  thus  furnishing  a  most  valuable  table  of 
discharge  of  the  Arkansas  Riv^er.  The  station  is  of  particular  impor- 
tance as  it  is  located  at  the  mouth  of  the  canyon  and  above  pi'actically 
all  the  irrigating  ditches  excepting  the  Canyon  ditch  and  the  South 
Canyon  ditch,  which  draw  their  supplies  at  short  distances  above  the 
station.  Each  of  these  carries  from  a  veiy  few  feet  up  to  60  cubic 
feet  per  second,  according  to  need  during  the  irrigation  season. 

The  table  does  not  include  the  amounts  carried  by  the  canals,  and 
their  flow  should  be  added  to  the  discharge  of  the  river  at  the  station 
in  order  to  get  the  total  run-off  at  the  mouth  of  the  canyon.  The 
channel  is  fairly  constant,  changing  but  little  during  the  entire  time 
that  the  station  has  been  maintained.  The  banks  are  high  and  not 
subject  to  overflow.^ 

a  For  more  detailed  data  concerning  this  .station,  see  Biennial  Reports  of  the  State  Engineer»af 
Colorado:  Fourth,  Part  I,  p.  62,  and  Part  II,  PI.  XVI;  Fifth,  Part  I,  pp.  21  and  38,  and  Part  II,  PI.  X; 
Sixth,  pp.  19  and  24;  Seventh,  pp.  163  and  164;  Eighth,  p.  474;  Ninth,  p. 363;  Tenth,  p.  300.  Also  publi- 
cations U.  S.  Geological  Survey:  Eleventh  Annual  Report,  Part  II,  p.  97;  Twelfth,  Part  II,  pp.  240  and 
349;  Thirteenth,  Part  III,  pp.  19  and  363;  Fourteenth,  Part  II,  p.  106;  Eighteenth,  Part  IV,  p.  2i>; 
Nineteenth,  Part  IV,  p.  366:  Twentieth,  Part  IV,  p.  331;  Twenty-first,  Part  IV,  p.  231;  Bulletins.  No. 
131,  p.  35;  No.  140,  p.  156;  Water-Supply  and  Irrigation  Papers,  No.  11,  p.  60;  No.  16,  p.  119:  No.  2*,  pp. 
110, 116,  and  117;  No.  37,  p.  258;  No.  39,  p.  450;  No.  50,  p.  323.  Also,  Report  on  Agriculture  by  Irrigs 
tion.  Eleventh  Census,  by  F.  H.  Newell,  p.  112. 
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Mdiimufn  and  minimnm  discfiarge  and  ai^rage  run-off  of  Arkansas  Rirrr  at  Canf-^i}-' 

ifiat  ftorlion  of  each  year  covered  Inj  record*. 


Dlflchan^. 


I ._ 


Year. 


Minimum. 


Maximum. 


Date. 


I 


1888 Sept.    28 


1889, 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896 

1897. 

1898. 

1899. 

1900. 


Oct. 

Jan. 

Jan. 

Jan. 

Aug. 

Oct. 

Dec. 

Nov. 

Apr. 

Oct. 

Feb. 

Sept. 


12 
14 
11 
15 


16 
28 
10 
3 
18 
22 


Amount. 

Sec.fi. 
420 
190 
180 
325 
345 
200 
245 
256 
124 
108 
160 
160 
194 


Date. 


Amount. 


June 
Aug. 
May 
June 
June 
June 
June 
June 
Aug. 
June 
June 
June 
May 


19 
9 
28 
13 
25 


11 
30 
4 
19 
20 
29 


Sec.-/L 
2,760 
2,620 
3, 270 
4,230 
4,750 
4,750 
4,400 
2,588 
2,876 
3,452 
3,245 
4, 432 
4,251 


Rnn-off.i 

■ 

.  Depth  in 
inchesw 

feri; 

-1 
vr 

3.80 

{ 

.-> 

1.92 

1. 

3.88 

^ 

4.49 

1         3.95 

•  * 

3.80 

.»- 

3.74 

^ 

3.71 

2.41 

3.33 

.f. 

2.84 

J* 

3.98 

_  '.i 

3.50  1 

1 

•V 

"The  runH)ff  given  in  fi»r  each  entire  year,  including  estimated  months.    Details  may  be  lonV. 
the  authorities  citwl. 

JHHvharge  measurement  made  on  Arkanttas  River  at  Canjion. 


Date. 

1889. 
July    26 
July    26 

18JK). 
Apr.      I 
Apr.      2 
Apr. 
Apr. 
May 
May 
May 
May 
June 


Hydn^rapher. 


Roljert  Robertson 
do 


Rol)ert  Rol)ertHon 
do 


3 
28 
1 
2 
2 
23 


.do 
.do 
do 
do 
do 
.do 
do 


Jime  12    do 

June  14  ' do 

I 

June  19  I do 

June  23    .do 

June  27  , do 

June  30  ! do 

July  9    do 

July  12    do 

Julv  16  ! do 


Gage 
heigni. 

Fcft. 

'   .•*-;' 

2.25 

■t'. 

3.00 

^. 

1.62 

.>v 

1.70 

iN- 

1.88 

:^t 

2.93 

744 

2.73 

f 

2.80 

VJ 

2.78 

V. 

4.77 

4.85 

2,M 

4.53  1 

«>  >wk 

4.65 

*>  S''^ 

4.48 

2.  :> 

4.55 

2.  >^ 

4.55 

2.> 

4.23 

2.  iiv 

4.22 

1  .,^ 

4.05 

1.-' 

3. 82  . 
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Discharge  meatrurenientM  made  on  Arkarmas  River  at  Canytm. — C^jntiniUHl, 


I>ate. 

Hydrographer. 

height. 

1 
fY(i. 

3.00 

i.a5 

2.45 

4.20 
3.80 
4.80 
2.65 
2.40 

4.:i5 
4.50 
2.70 

2.40 
2.00 
2.05 
2.20 
2.55 

2.20 
3.10 
4.95 
5.25 
3.60 
3.  05 
2.98 

3.a5 
4.82 
3.05 
2.60 

3.20 
4.55 
4.50 
2.90 
2.55 

2.85 
5.50 
2.85 
2.10 
2.10 

DiH- 
eharge. 

1891. 
Apr.     13 
Dec*.       4 

T.  M.  Rannon 

► do 

SccfL 
777 
328 

1893. 
Sept.   22 

1894. 
Apr.     15 
May    18 
June   18 

F.  H.  Newell 

F.  H.  Newell 

do 

2t)l 

2,395 
1,940 

do : 

2,387 

Sept.   20 
Oft.     15 

A.  P.  Davis 

do 

395 
319 

1895. 
May    31 
June    13 

A.  P.  Davis 

2,434 
2,397 

Oct.       4 

do 

585 

1896. 
Julv    31 

F.Cogswell 

414 

A  UK.    30 

do 

203 

Sept.   16 
Oc-t     31 

do 

251 

do 

289 

Nov.    14 

.'.do 

294 

1S97. 
Apr.    16 
May      7 
May    26 
June    16 

C.C.Babh 

260 

do .: 

827 

F.  Cogswell 

2,712 

do 

3,071 
1,140 

July    14 
Aug.    11 
Nov.      5 

do 

do 

744 

do 

540 

1898. 
May    21 

A.  L.  Fellows 

608 

June   25 

do 

2,  8:«) 

Julv    28 

do 

611 

Oct.     27 

do 

316 

1899. 
Apr.    27 
May    26 
July      7 
Aug.    18 
Nov.      7 

A.  L.  Fellows 

611 

do 

2,189 

2,651 

553 

do 

do 

do 

306 

1900. 
Mar.    14 

A.  L.  Fellows 

408 

June   14 

do 

3,236 

July    20 
Sept.     8 

do 

570 

do 

229 

Sept.    12 

KW.  Hawley 

2a5 
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ARKANSAH   RIVER   AT    PUEBLO. 


The  first  records  of  the  discharge  of  Arkansas  River  in  the  vicinity 
of  Pueblo  are  for  the  months  of  May  and  June,  1885.  From  this  time 
until  August,  1889,  records  were  kept  more  or  less  irregularly  at  a 
point  near  the  mouth  of  the  canyon,  about  9  miles  above  the  city 
of  Pueblo.  No  other  records  were  kept  in  this  vicinity  until 
September,  1894,  when  the  station  was  relocated  in  the  city  of 
Pueblo.  As  only  one  large  ditch,  the  Bessemer  canal,  takes  water 
from  the  river  in  District  No.  14,  in  which  Pueblo  is  situated,  the 
station  answers  admirably  for  assisting  in  the  distribution  of  the 
waters  of  that  district.  Owing,  however,  to  the  changes  in  the  chan- 
nel, the  construction  of  side  walls,  and  the  removal  of  a  dam  in  the 
lower  part  of  the  city,  it  has  been  necessary  to  change  the  location  of 
the  rod  from  time  to  time.  Up  to  the  fall  of  1898  the  records  of 
gage  heights  were  taken  from  a  rod  situated  at  the  north  end  of  the 
Santa  Fe  avenue  bridge;  at  that  time,  however,  another  rod  was 
placed  at  the  south  end  of  the  Main  street  bridge,  and  in  March,  19(K), 
another  rod  was  placed  at  a  point  a  shoii;  distance  below  the  south  end 
of  the  Union  avenue  bridge.  This  is  the  rod  used  at  present.  These 
changes  in  location  have,  however,  no  material  bearing  upon  the  actual 
discharge,  as  measurements  have  been  taken  frequently  and  these  sta- 
tions are  practically  one,  being  located  in  the  same  long  stretch  of 
clear,  open  channel,  with  no  inflow,  and  having  high  retaining  levees 
constructed  by  the  city.  (See  PL  VII,  B.)  The  channel  at  present 
is  probably  the  best  in  the  State,  although  it  tills  to  some  extent  at  low 
water  and  scours  out  again  at  high  stages.  Measurements  are  usually 
made  from  the  Main  street  bridge,  but  may  be  made  by  wading  at 
low  water. 

In  comparing  the  tables  it  should  be  borne  in  mind  that  the  records 
for  1885  to  1889,  inclusive,  are  for  a  point  about  9  miles  above  the 
station  for  the  later  years,  and  that  considerable  water  is  taken  out 
between  the  two  points.  Moreover,  much  less  water  was  used  on  the 
higher  reaches  of  the  stream  prior  to  1889  than  since  that  time,  so  that 
practically^  the  two  stations  bear  little  relationship  to  each  other. 
They  are,  however,  given  together  for  advantage  in  comparison. 
Measurements  of  the  water  level  are  kept  up  regularly  by  the  oflSce  of 
the  city  engineer  of  Pueblo,  and  it  is  to  this  office  that  we  are  indebted 
for  a  large  proportion  of  the  records  given  in  the  tables. 

This  station  is  of  particular  importance,  for,  being  near  the  head  of 
one  of  the  most  impoilant  districts  and  also  near  the  headquarters  of 
the  superintendent  of  the  Arkansas  division,  it  is  of  use  in  ascertain- 
ing the  discharge  of  the  river  with  reference  to  the  proper  distribution 
of  the  water  amongst  consumers.  It  is  further  important  because  th*^ 
waters  of  the  Arkansas  are  being  used  more  and  more  for  power,  and 
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the  surplus,  whenever  there  is  any,  is  being  stored  in  large  reservoirs, 
of  which  there  are  several  important  ones  in  the  vicinity  of  Pueblo.'' 

Discharge  of  Arkansas  River  at  canyon  a}x)ve  Pueblo,  1885  to  1889,  Uicliunre. 


MoDth. 


1885. 


Mav 

m 

June 

July 

August 

September 


1,069 
3,187 


1886. 

.Srr.-yi. 
3,046 
5,569 
1,724  I 
1,481  , 
1,372 


1887. 


Str.-Jt. 


1889. 


Average. 


3,477  I 
3, 352 
1,717 
1,129 


1,300 

2,108 

766 

668 


1,805 
3,586 
1,947 
1,289 
1,250 


a  For  more  detailed  data  concerning  this  station,  nee  Biennial  Reports  of  the  State  Engineers  of 
Colorado:  Third,  pp.  168  to  174;  Fourth,  Parti,  p.  62,  and  Part  II,  PI.  XVI;  Eighth,  p.  468;  Ninth, p. 366; 
Tenth,  p.  304.  Also  publications  V.  S.  Oeologieal  Survey:  Eleventh  Annual  Report.  Part  II,  pp.  49 
and  98;  Eighteenth,  Part  IV,  p.  227;  Nineteenth,  Part  IV,  p.  357;  Twentieth,  Part  IV,  p.  336;  Twenty- 
first.  Part  IV,  p.  232;  Bulletin  No.  140,  p.  158;  Water-Supply  and  Irrigation  Papers.  No.  11.  p.  61; 
No.  16,  p.  120;  No.  28.  pp.  Ill,  116,  and  117.  No.  37.  p.  259;  No.  89,  p.  450;  No.  50,  p.  325.  Also  Report 
ou  Agriculture  by  Irrigation.  Eleventh  Censu.s,  by  F.  H.  Newell,  p.  126. 
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Majrirmtm  and  mimmvm  discharge  and  average  run-off  of  Arkan9as  River  at  Piiebhj'or 

that  portion  of  each  year  covered  by  records. 


I>iHohaixc\ 


Riin-off.n 


Ywir. 


Minimum. 


Maximum. 


Date. 


I 


1895 Dec.  26 

1896 Aug.  10 

1897 J  Mar.  13 

1898 '  Oct.  6 

1899 Sept.  13 

1900 Sept.  1 


Amount. 

Sec. -ft, 
256 
203 
146 
31 
150 
134 


Date. 

June  13 

Aug.  18 

June  2 

Julv  13 

June  20 

June  2 


Amount. 

Src./t. 
2,588 
3,428 
3,  750 
5, 385 
4, 891 
6,980 


i  Second- 
Depth  in  I  feet  per 
IneheR.        square 
mile. 


2.72 
1.54 
1.98 
•1.82 
2.73 
2.80 


( 


0.20 
.11 
.14 
.13 
.20 
.21 


a  The  run-off  given  is  for  each  year  entire,  including  entimated  months;  the  discharge  given  is  for 
average  months,  and  the  totals  for  an  average  year,  as  calculated  from  all  obnervationM  and  estimates. 
Details*  may  be  found  in  the  authorities  cited. 

Discharge  measiiretnents  made  on  ArkanMtm  River  at  Ihiebhj. 


Date. 


Hydrographer. 


1894. 
Apr.    24 
Sept.    19 
Oct.     13 


P.  J.  Preston 
A.  P.  Davis  . . 
do 


i8a5. 


6 

20 

3 

4 

4 
11 

D 


Feb 

Mav 

June 

June 

June 

June 

Sept. 

1896. 
Mar.   22 
Apr. 
May 
June 
July 
July 
Aug. 
Aug. 
Aug. 
Si'pt. 
Oct. 
Nov. 


8 
27 

5 
10 
30 
18 
19 
19 
16 
30 
13 


A.  P.  Davis 

do 

do 

do 

do 

do 

F.  Cogswell 

F.  Cogswell 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

C.  C.  Babb  . 


Gage 
height. 

Di.s- 
charge. 

firt. 

Sec.-ft. 

a 

322 

0. 35 

378 

.39 

370 

.40 

411 

1.65 

1,435 

h 

2,261 

1' 

1,973 

d 

2,022 

2.80 

2,758 

.70 

570 

.50 

470 

1.30 

1,016 

2.00 

1,682 

1.65 

1,403 

.30 

335 

.50 

510 

'.00 

203 

.85 

534 

10.00 

16,500 

.30 

294 

.35 

320 

.31 

298 

«  Measurement  made  at  Main  Stre(*t  bridge. 
''Measurement  made  at  Swallows. 
('  Measurements  made  at  Bridge  No.  3,  section  4. 
''  Measurements  madf  at  Bridge  l-S^  B. 

<*  .\ppmximate  estimate  of  flood  at  12  m.  night  of  August  18,  is%. 
per  second  was  obtained  by  means  of  floats. 


A  maximum  velocity  of  15  feet 
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Discharge  meamjiremenijt  made  on  Arkansas  River  at  Pueblo — C/ontinoed. 


Date. 


Ilydroffnipher. 


6 
21 


1897. 
Apr.    16 
May 
May 
June   18 
July    16 
Aug. 
Sej)t. 


10 

8 


C.  C.  Babb.. 
F.  Cogfiwell . . 

do 

do 

do 

do 

P.  J.  Preston 


Sept.    28    do 

Nov.      4  i  F.  Cogswell, 


1898 
Apr. 
Apr. 
May 
Mav 

• 

June 

June 

June 

July 

July 

July 

Aug. 

Aug. 

Aug. 

Aug. 

Oct. 

Oct. 

Nov. 


o 
29 

5 
30 

3 

9 
14 

8 
26 
28 

2 

11 
20 
30 
20 
29 
3 


P.  J.  Preston 

A.  L.  Fellows 

C.  W.  Beach 

do 

do 

A.  L.  Fellows 

C.  W.  Beach 

do 

A.  L.  Fellows 

C.  W.  Beach 

do 

do 

('.  W.  Beach,  R.  W.  Hawley. 

A.  L.  Fellows 

r.  \V.  Beach 

A.  L.  Fellows 

C.  W.  Beach 


1899. 

Apr,  27  ' 

May  26 

June  3 

June  17 

July  1 

Jul  7  8 

Aug.  1 

Aug.  5 

Aug.  14 

Sept.  10 

Sept.  18 

Oct.  6 

Nov.  7 


A.  L.  Fellows 

do 
C.  W.  lieach 

do 

do 

A.  L.  Fellows 
C.  W.  Beach 

do 
A.  L.  Fellows 

do 
C.  W.  Beach 

do 
A.  L.  Fellows 


height. 


0.20 

1.00 

2.00 

2.55 

1.15 

.95 

.10 

.45 

.75 


DLs- 
oharj^e. 


Srr.-Jl 
216 
799 
l,ai6 
2,219 
981 
8a5 
184 
394 
601 


.27 

248 

.C6 

513 

.09 

876 

.10 

1,144 

1.40 

1 

1,639 

1.8 

2,002 

1.9 

1,987 

1.63  i 

1.726 

^'.85 

816 

<: .  81 

743 

.45  , 

4a5 

.50 

468 

.15 

211 

.00 

134 

.20 

290 

.40 

320 

.;» 

344 

.80 

695 

2.20 

2,221 

2.55 

2,856 

3.60 

4,565 

2.22 

2,959 

1.61 

2,098 

.72 

1,199 

1.46 

l,a38 

1.20 

1,496 

.50 

180 

.10 

388 

.20 

331 

.05 

411 

^New  gage  rod  at  Main  Htreet. 
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Discharge  measurement  made  on  Arkansas  River  at  PuebJo — Continued. 


Date. 


Hydrofprapher. 


1900. 
.  Mar.     3 
Mar. 
Apr. 
Apr. 
Mav 
June 
July 
July 
Sept. 
Sept. 
Sept. 
Sept. 


16 
8 
12 
21 
13 
17 
21 
3 


25 


A.  L.  Fellows  . 

do 

do 

C.  W.  Beach  . . 

do 

A.  L.  Fellows  . 

do 

do 

R.  W.  Hawley 
G.  W.  Beach  . . 
A.  L.  Fellows  . 
C.W.  Beach  .. 


Gafe 
teiirht. 


helg 


Pis- 
charge. 


ARKANSAS   RIVER   AT   NEPBSTA. 


Feci. 

Ser.-/l. 

2.17 

im 

2.05 

435 

2.34 

675 

2.15 

608 

5.70 

5, 072 

5.10 

3,963 

2.50 

751 

2.25 

583 

1.35 

153 

1.43 

191 

1.40 

174 

1.82 

346 

This  station  is  located  at  the  wagon  bridge  a  short  distance  above 
the  railroad  station  of  the  Atchison,  Topeka  and  Santa  Fe  Railroad 
at  Nepesta,  and  is  maintained  by  the  Great  Plains  Water  Company. 
It  was  established  September  8,  1897,  and  records  have  been  kept 
during  each  irrigation  season  since  that  time,  only  those  for  1898, 
1899,  and  1900  being  reliable,  however.  Two  gage  rods  are  necessary; 
one  for  use  at  high  and  the  other  at  low  water.  Measurements  are 
made  from  the  wagon  bridge.  The  channel  is  sandy  and  shifting  and 
frequent  changes  are  necessary  in  the  rating  table.  The  importance 
of  the  station  is  due  to  the  fact  that  it  is  so  conveniently  located  to  the 
railroad  station  that  representatives  of  the  large  irrigation  canals  upon 
the  river  may  readily  keep  themselves  informed  as^  to  the  discharge 
and  the  use  of  the  water  of  the  stream.** 


o  For  further  infonnation  concerning  this  station,  sec  Biennial  Reports  of  the  State  Engineers  of 
Colorado:  Ninth,  p.  870;  Tenth,  p.  308.  Also  publications  U.  S.  Geological  Survey:  Nineteenth 
Annual  Report,  Part  IV,  p  858:  Twentieth.  Part  IV,  p.  337;  Twenty-first,  Part  IV,  p.  233;  Bulletin 
No.  131,  p.  37;  Water-Supply  and  Irrigation  Papjrd,  No.  16,  p.  121;  No.  28,  pp.  112,  116,  and  117;  No.  37, 
p.  260;  No.  89,  p.  450;  No.  50,  p.  326.  Also  Report  on  Agriculture  by  Irrigation,  Eleventh  Census,  by 
F.  U.  Newell,  p.  124. 
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[xo.  71 


Egtimated  monthly  discharge  of  Arkansas  River  at  NepeMa. 
[Altitude.  1.364  feet;  drainage  area,  9,190  square  miles.] 


DiBcharge  in  seoond-feet. 


Month. 


Maxi- 
mum. 


1898. 

May 2,055  \ 

June !  3,665 

July i  4,125 

August ,  697 

September '  294 

October '  511 

Noveinl)er 511 


1899. 

May 2,246 

June 3,882 

July ,  6,066 

August '  6,974 

September ^  285 

October 314 

November 2,  791 


1900. 

May 9,600 

June '  7,782 

July j  3,700 

August !  1,519 

September '  427 

October 610 


November 


"92 


Mini- 
mum.   I 


350 
918 
136 
127 
160 
160 
260 


259 
1,156  ; 
610  , 
172 
154  i 
172 
191  ' 


4,246 
4,064 
427 
172 
172 
314 
259 


Mean. 


Run-off. 


Total  in  acre- 
feet. 


Second- 
feet  per 
square 
mile. 


Depth  in 
inchej!. 


1,116 

2,103 

1,310 

311 

232 

279 

366 

817 


T     I 


1, 154  ' 

2,622  i 

2,651  ; 

957  I 

200 

235 

:^o 

1,167 


68,621 
125, 137 
80,549 
19, 123 
13,805 
17,155 
21,778 

346, 168 


70, 957 
156,020 
163,004 
58,844 
11,901 
14,450 
20,826 


0.12 
.23 
.14 
.03 
.63 
.03 
.04 

.09 


0.14 
.26 
.16 
.03 
.03 
.03 
.01 

.69 


13 
29 
29 
10 
02 
03 
04 


.15 
.32 
.33 
.12 
.02 
.03 


495, 002 


.13 


1.00 


5,876 

361, 301 

.64  ' 

.74 

5, 498 

327, 154 

.60 

.67 

1,699 

104,467 

.19' 

422 

25,948 

.05 

.06 

1    262 

15,590 

.03 

.03 

435 

26, 747 

.a5 ' 

.06 

514 

1           _ 

30,585 

.ot? 

.07 

2,101 


891,792 


2:^ 


1.K5 
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DtMrhargc  vieiunirements  made  on  Arkanms  River  at  NepesUn. 


Date. 


Hydrngrapher. 


1894.     ' 
Mav    31      F.  n.  Newell 

June     1    do 

June     2    do 


1897. 
Sept.     8     P.  J.  Preston 
Sept.   30  ' do 


1898.     , 

Apr.    27  I  P.  J.  Preston 

May      6  '  C-.  W.  Beach. 

Mav    10  ! do 

I 
June     6  ! do 

July    28  I do 

Aug.    20  ' do 

Nov.      6  ' do 


1899.     ' 
May    29  I  A.  L.  Fellows. 
June     7     G.W.  Beach.. 

Aug.      3    do 

Aug.    25    do 

Oct.       2    do 


1900. 
Apr.    12  i  G.  W.  Beach.. 
Sept.     8  I  R.  W.  Ilawley 


Gaffe 
height. 


Keri. 


2.00 
2.34 


Dis- 
charge. 


Sec. -ft. 
«30,000 
12,000 
8,000 


168 
281 


2.55 

360 

3.a5 

746 

4.25 

1,998 

3.43 

1,060 

3.  25 

573 

2.85  ' 

247 

2.  93  ' 

212 

4.60 

1,810 

4.63  ' 

1,636 

4.00  ' 

610 

3. 10  ' 

215 

3.12  ' 

1 

213 

4.  :W  ; 

1,101 

3.70 

146 

<i  Est!  ma  ted. 


ARKANSAS   RIVER   AT   ROCKYFORD. 


This  station  is  located  at  the  wagon  bridge  crossing  the  Arkansa,s 
River,  at  a  point  about  2  miles  northeast  of  the  town  of  Rockyford. 
It  wai»  established  May  3,  1897,  by  Mr.  S.  W.  Cressy,  water  commis- 
sioner of  district  No.  17,  having  his  headquarters  at  Rockyford,  for 
his  convenience  and  information  in  distributing  the  waters  of  his  dis- 
tiict.  Mr.  Cressy  maintained  thia  station  as  long  as  he  remained  in 
charge  of  the  oflSce  to  April  7,  1900.  The  river  is  straight  for  a  long 
distance  above  and  below  the  bridge,  but  the  channel  is  wide  and  the 
bed  is  sandy  and  very  shifting,  so  that  few  measurements  were  made. 
Results  must  be  considered  as  approximate.^ 

o  For  more  detailed  information  concerning  this  station,  see  Biennial  Reports  of  the  State  Engineers 
of  Colomdo:  Ninth,  p.  374;  Tenth,  p.  310.  Publications  U.  .S.  Geological  Survey:  Nineteenth  Annual 
Renort»,  Part  IV,  p.  a'iS;  Twentieth,  Part  IV,  p.  33«;  Twenty-first,  Part  IV,  p.  231;  Water-supply  and 
Irrigation  Pafjers,  No.  16,  p.  122;  No.  2X,  pp.  112,  116,  and  117;  No.  37,  p.  261;  No.  39.  p.  450;  No.  TiO,  p. 
327.     AIho  Report  on  Agriculture  by  Irrigation,  Eleventh  (Ten.sus,  by  F.  H.  Newell,  p.  124. 

For  de«eription  of  Laguna  Canal,  in  this  district,  see  Tw^entieth  Annual  Report,  Part  IV,  p.  *i9. 
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[no.  74. 


Egtimnted  monthly  discharge  of  ArkoMcu  River  at  Rockyford, 
[Altitude,  4,177  feet;  diainage  area,  11,440  sqiiare  miles.] 


Month. 


1897 
May  3  to  31... 

June 

July 

August 

September 

October 

November 

December** 


Discharge  in  second-feet. 


Run-oiT. 


Maxi- 
mum. 


Mini- 
mum. 


Total  in  acre- 
feet. 


Mean. 


3,363 

3,206 

2,034 

3,676 

108 

393 

550 


I 


1898. 

January  

February  20  to  28 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


The  year  . . 

1899. 

March  13t4>31... 

April 

Mav 

June 

Julv 

Augu^st 

September 

October 

November 

December  1  to  9. . 

1900. 
Jaiiuarv  16  to  31  . 
February,  13  days 

March 

April  1  to  7 


193 

393 

550 

3,832 

3,284 

3,  754 

706 

393 

550 

862 

393 

3, 832 


I 


r 


470 

470 

450 

3, 120 


64 
628 
41 
20 
13 
27 
41 


Second- 
feet  per 
square 
mile. 


Depth  In 
inches. 


129 

254 

64 

213 

108 

1,206 

315 

2,047 

34 

[29 
64 
108 
115 
193  j 
108  I 
64  , 
84 
84 
84 


1,147 

1,834 

589 

614 

41 

143 

155 

50 


«75 
75 
5 
i: 
0 
4 

1,249 
269 
157 
246 


I  -■ 


70,527 

109,130 

32, 216 

37,754 

2,440 

8,793 

9,223 

3,074 


"4,612 

4,165 

15,618 

12,674 

74,155 

121,805 

76,799 

16,540  ' 

9,342 

15, 12a 


34 


570 

140 

520 

140 

1,270 

140 

2,710 

770 

3,020 

270 

3,570 

105 

420 

95 

300 

55 

1,070 

105 

190  : 

115 

190 
270 
190 
360 


biSM 

6l,t3!6t 

228 

14,020 

546 

396,393 

309 

19,000 

274 

16,304 

732 

45,009 

1,498 

89, 137 

1,504 

92, 478 

686 

42, 181 

153 

9,104 

145 

8,916 

280 

16,661 

148 

9,100 

0.100 
.160 
.052 
.054 
.004 
.013 
.014 
.044 


007 
01 
02    I 
02    I 
12     I 
18 
11 
02 
01 
02 
05 
02    i 


0.120 
.180 
.060 
.062 
.OW 
.015 
.016 
.051 


04 


.006 

.01 

.03 

.02 

.13 

.20 

.13 

.03 

.02 

.03 

.05 

.02 

.68 


TO     i 


319 

410 

324 

1,283 


9,104 

.013 

.014 

8,916 

.013 

.015 

16,661 

.024 

,027 

9,100 

.013 

.oi.s 

19,061 

.027 

.031 

22,770 

.036 

.037 

19, 922 

.028 

.032 

76,344 

.112 

.125 

»  Approximate. 
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Discharge  meatfuremerUs  made  on  Arkansas  River  at  RochifonL 


Date. 


Hyrtrographer. 


height.       charge. 


1897. 
Sept.  29 

1898. 
Apr.    17 
May    27 

1899. 
Mav    30 
Oct,     16 


P.  J.  Preston 

P.  J.  PreBton 
C.  W.  Beach. 

A.  L.  Fellows 
do 


Feet.       I  Sec-feel. 

0.37  I  140 

.90  I  237 

l.a3  '  1,692 

1 

"  1.88  I  1,042 

.88  !  136 


ARKANSAS   RIVBR   AT   PROWERS. 


TSis  station  is  located  at  the  dam  constructed  across  the  Arkansas 
River  at  the  headgate  of  the  Colorado  and  Kansas  canal,  this  point 
being  selected  in  September,  1899,  in  the  hope  that  the  channel  might 
prove  permanent,  but  no  records  were  kept  until  the  spring  of  1900. 
The  rating  curve  obtained  at  this  point  from  gagings  made  thus  far 
gives  excellent  results  within  the  limits  of  the  measurements.  There 
being  no  bridge  at  the  station,  measurements  can  be  made  only  at  the 
lower  stages  of  the  river.  The  station  is- of  particular  importance, 
owing  to  the  fact  that  it  is  located  near  the  head  of  irrigation  district 
No.  67,  and  may  therefore  be  used  in  the  regulation  of  the  use  of  the 
waters  of  the  Arkansas  in  that  district.^ 

Estimated  monthly  discharge  of  Arkansas  River  at  Prowers. 
[Altitude.  3,677  feet;  drainage  area,  19,000  .square  mllefl.] 


Month. 


Discharge  in  Hecond-feet. 


Maxi- 
mum. 


1900.  ! 

Apriil5to30 1    7,140 

May j    5,860 

June 4,900 

July 

August 

September  * 

October  * 

November  * 

December 


Mini- 
mum. 


1,700 

445 

30 


1,060 

2,660 

742 

2 

0 

0 


Mean. 


I 


16 
41 


4 
4 


2,940 

3, 398 

2,617 

161 

45 

6 

6 

8 

18 


Total  in  acre- 
feet. 


174,942 

208, 935 

155,  722 

9,990 

2,767 

357 

369 

476 

1,107 


Run-oflf. 


Second- 
feet  per 
square 
mile. 


Depth  in 
inches. 


0.155 
.178 
.138 
.008 
.002 
.000 
.000 
.000 
.001 


0.173 
.238 
.154 
.009 
.002 
.000 
.000 
.000 
.001 


\ 


a  For  more  detailed  information  regarding  this  station,  see  Tenth  Biennial  Report  of  the  State 
Engineemof  Colorado,  p.  812;  Water-Supply  and  Irrigation  Papers.  U.  S.  Geological  Survey,  No.  37, 
p.  268,  and  No.  60,  p.  328;  also  Report  on  Agriculture  by  Irrigation,  Eleventh  Census,  by  F.  H.  Newell, 
p.  126. 

&  Estimated. 
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I>utcharge  measurements  made  on  Arkansas  River  at  J^rowers. 


Date. 

1899. 
Sept.     8 

1900. 
July      5 
Julv    19 
July    28 


Hydrographer. 


A.  L.  FellowH 

C.  W.  Beach . 
A.  L.  Fellows 
C.  W.  Beaeh 


ARKANSAS  RIVER   NEAR   LAMAR. 


The  greater  proportion  of  the  records  of  this  locality  are  those  kept 
by  the  Amity  Canal  Company,  their  headgate  being  at  a  point  Tallies 
west  of  Lamar,  on  the  north  side  of  the  river,  the  headgate  keeper 
making  a  daily  record  of  the  discharge  both  in  the  river  and  the  canal. 
(See  PL  IX.)  There  is  a  dam  across  the  river  at  this  point  for  the 
diversion  of  water  into  the  Amity  canal,  but  owing  to  the  unevenness 
of  its  crest,  to  the  fact  that  timbers  and  driftwood  lodge  upon  it,  and 
to  other  causes,  the  results  are  not  entirely  reliable.  Few  measure- 
ments have  been  made  except  in  the  canal.  For  a  short  time  in  the 
year  1899  estimates  were  made  at  the  wagon  bridge  north  of  Lamar 
by  the  water  commissioner  of  district  No.  67.  These  are  of  interest 
as  giving  approximately  an  idea  of  the  flow  of  the  water  for  the  time 
covered,  and  are  therefore  presented  in  a  separate  table. 

The  principal  value  of  hydrogi'aphic  data  at  this  point  is  with  ref- 
erence to  the  storage  of  water  in  reservoirs,  of  which  those  of  the 
Great  Plains  Water  Company,  described  in  the  Twenty-first  Annual 
Report,  Part  IV,  p.  240,  are  located,  12  miles  north  of  the  town  of 
Lamar.  ^ 

a  For  further  information  concerning  this  station,  see  Biennial  Ecports  of  the  Stat«  Engineers 
of  Colorado:  Ninth,  p.  379;  Tenth,  p.  314.  Also  publications  United  States  Geological  Survey:  Eleventh 
Annual  Report,  Part  II,  pp.  49  and  51;  Twentieth,  Part  IV,  pp.  824  and  340;  Water-Supply  and  Irri- 
gation Papers,  No.  28,  p.  114;  No.  37,  p.  263;  No.  50,  p.  329.  Alao  Eeport  on  Agiicultuxe  by  InigHtioa. 
Eleventh  Census,  by  F.  H.  Newell,  p.  126. 
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Discharge  of  Arkansas  River  near  Tximar, 

[Altitude,  3,992  feet.] 

AT  HEAD  OF  AMITY  CANAL,  AS  FURNISHED  BY  E.  R.  BANNISTER.  HEADGATE  KEEPER. 


Month. 


January  . 
Februarv 
Mart'h... 


1898. 


Second-feet. 


April 

Mav 

June 

July 

August 

September. 
October  . . . 
November . 
December  . 


Acre-feet. 


1899. 


1900. 


Second-feet. 


211 

23 

54 

265 

248 


12, 974 

1,369 

3,320 

15,  769 

15, 249 


655 
1,870 

884 
74 
87 

249 

131 


Acre-feet,   i  Second-feet. '    Acre-feet. 


38,975 
114,982  I 

54,355 
4,403  I 
5, 349  I 

14, 817 
8,055 


239 

280 

170 

2,973 

4,469 

3,290 

280 

89 

22 

20 

109 

«150 


14,696 

11,552 

10,453 

176,906 

274,  788 

195,  769 

17, 217 

5,472 

1,309 

1,230 

6,486 

9,223 


a  Approximate. 

AT   LAMAR   BRIDGE,  a   ESTIMATED    BY   J.    B.    TRAXLER,   WATER    COMMISSIONER,    DIS- 
TRICT NO.  67. 


Day. 


1. 
2. 
3 
4. 

^ 

o. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 


1899. 

March. 

April, 

Stc.-JI. 

Scc.'ft. 

3,000 

40 

4,000 

40 

4,000 

35 

2,500 

35 

2,000 

30 

1,500 

25 

1,200 

25 

1,000 

25 

800 

20 

800 

15 

1,500 

16 

1,500 

16 

1,200 

15 

1,000 

18 

1,0(K) 

20 

1,000 

15 

1,000 

15 

800 

15 

400 

15 

May 


Scc.-/t. 


12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
14 
15i 

5 

5 

5 

5 


a  Total  amount  of  water  In  district  March  13,  250  second-feet;  April  3,  225  second-feet;  April  16. 175 
se<.M»nd-feet;  April  25,  120  second-feet;  April  30,  75  second-feet;  May  5, 180  sccond-fcet;  May  10,  100  sec- 
ond-f€Jct;  May  13. 200  aecond-feet;  May  14. 150  necond-feet;  May  16, 230  second-feet;  May  18, 325  second- 
feet;  May  20,  308  second-feet. 
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JHsrharge  of  Arkantuts  River  near  Tjimar — Continued. 


[N0.7i 


AT    LAMAR    BRlIHiK,    ESTIMATED    BY   J.    B.    TRAXLER,    WATER    COMMISSIONER,   DISv 

TRICT  NO.  67— CoLtinued. 


Day. 


20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


1899. 


March. 

April. 

May. 

Scc.-Jt. 
300 
300 

15 
15 
15 
15 
15 
15 
15 
12 
12 
12 
12 

Sec.Jt. 

5 

200 

150 

100 

75 

50 

40 

35 

35 

35 

40 

* 

JHscfiarge  mea^nirerne'Us  made  on  Arkansas  River  at  Iximar, 


Date. 

1889. 
May  26 
July  19 
July  22 
Aug.  3 
Aug.      7 

1899. 
May    31 
June   1 8 

1900. 
Apr.      7 


Hydrographer. 


Discharge. 


Remaiks. 


F.  H.  Newell 

do 15,000 

do 

do 

do 


A.  L.  FellowH 
do 


Stc.'Jl. 

300 

At  Lamar. 

15,000 

Do. 

851 

Do. 

284 

Do. 

187 

Do. 

249 

At  Aniity  canal 

114 

Do. 

do 


8,890  ,  Atl^mar. 


PURGATORY   RIVER   AT  TRINIDAD. 


This  station  was  located  May  1,  1896,  in  the  town  of  Trinidad,  the 
gage  rod  being  attached  to  the  cylindrical  pier  at  the  west  end  of  the 
Las  Animas  Street  bridge.  The  station  was,  however,  discontinued 
July  31, 1899,  the  greater  portion  of  the  water  of  the  river  being  taken 
out  at  points  above  the  station,  and  the  channel  being  shifting  and  the 
results  unreliable.  A  more  favorable  location  would  be  at  a  point 
about  9  miles  above  the  town,  near  the  mouth  of  the  canyon,  and  above 
where  the  most  of  the  water  is  taken  out  for  irrigation.  A  station  at 
this  point  would  also  have  the  added  advantage  that  it  would  furnth 
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data  concerning  the  flow  that  might  be  used  for  stoiiige,  as  there  are 
important  reservoir  sites  situated  above  this  point.* 

EMimaUd  monthly  dUcharge  of  Purgatory  River  at  Trinidad. 
[Altitude,  5,990  feet:  drainage  area,  742  square  miles.] 


Discharge  in  second-feet. 


Month. 


Maxi- 
mum. 


1S96.  i 

Mav 113 

June '  780 

July '  4,600 

August '  1,657 

September 554 

October 189 

November 60 

December • 

1897. 
January 

February I 

March 


April '  327 

May 1,412 

June '  1,534 

July I  1,657 

August I  2, 023 

September 384 

October '  104 

November 54 

December 

1898.  I 

Mav 882 

June 1,282 

July 1,147 

August I  752 

September '  1, 282 

October 58 

November '  42 

1899.  ' 
April '  193 

May I  230 

June 492 

July 2,362 


Mini- 
mum. 


45 

0 
8 
0 
0 
18 
25 


68 
327 
189 
30 
10 
30 
54 
30 


109 
109 
81 
42 
42 
31 
36 

32 

52 

4 

16 


Mean. 


67 
60 

342 
76 
73 
71 
35 

^40 

^40 

^50 

«'50 

165 

731 

403 

250 

282 

97 

60 

42 

264 
377 
259 
181 
173 
39 
39 

.  82 

110 

71 

443 


Run-off. 


Total  in  aere- 
feet. 


4 
3 
21 
4 
4 
4 
2 
2 

9 

2 

3 

9 

44 

23 

15 

17 

5 

3 

2 

2 

16 
24 

!•'> 
11 

10 

2 

2 

4 

6 

4 

27 


120 
570 
029 
673 
344 
366 
083 
460 

459 
777 
074 
818 
947 
980 
372 
339 
772 
689 
499 
152 

23:5 
433 
925 
129 
294 
398 
321 

879 
764 
225 
239 


Second- 
feet  per 
square 
mile. 


0.09 
.08 
.46 
.10 
.10 
.10 
.05 
.05 

.a5 

.07 
.07 
.22 
.99 
.54 
.^ 
.38 
.13 
.08 
.06 
.a5 

.36 
.51 
.35 
.24 
.23 
.05 
.05 

.11 
.15 
.10 
.60 


Depth  in 
Inches. 


I 


I 


0.10 
.09 
.53 
.12 
.11 
.12 
.06 
.06 

.06 
.07 
.08 
.24 
1.14 
.60 
.39 
.44 
.14 
.09 
.07 
.06 

.41 
.57 
.40 
.28 
.26 
.06 
.06 

.12 
.17 
.11 
.69 


« For  more  detailed  information  concerning  this  station,  sec  Biennial  Reports  of  the  State  Engi- 
neer of  Colorado:  Eighth,  p.  460;  Ninth,  p.  381;  Tenth,  p.  319.  Also  publications  U.  S.  Cieological 
Survey:  Eigliteenth  Annual  Report.  Part  IV.  p.  231;  Nineteenth,  Part  IV,  p.  3.58;  Twentieth.  I'art  IV, 
p.  310;  Twenty-first,  Part  IV.  p.  235;  Water-Supply  and  Irrigation  Papers,  No.  16,  p.  123;  No.  28,  pp. 
113,  116,  and  117;  No.  37,  p.  263;  No.  39,  p.  4.^.  Also,  Report  on  Agriculture  by  Irrigation,  Eleventh 
C'ensu.*?,  by  F.  H.  Newell,  p.  119. 
b  Estimated. 
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Duichnrge  ineamirements  made  on  Purgatory  Rix^er  at  Trinidad, 


4 
11 


Date. 

1895. 
Sept.   24 

• 

1896. 

Apr.  27 
June 
July 

Sept.  14 

Oct.  12 

Nov.  16 

1897. 
May    22 
June 
July 
Sept. 
Nov. 


17 
16 
23 
13 


1898. 


Apr. 
July 
Aug. 
Aug. 
Oct. 


28 
27 
29 
6 
28 


A.  P.  Davis. 

F.  Oigswell. 

do 

do 

do 

do 

C.  G.  Babb . 


F.  Cogswell . 
do 

do 

P.  J.  Preston 
F.  Cogswell . 


A.  L.  Fellows 

do 

do 

C.  W.  Beach  . 
A.  L.  Fellows 


1899.     I 

Apr.    28    do 

July    12   do 


Hydroprrapher, 


MlSCELLAXEOrs   «AGIN(iK. 


Gaffe  Dlfl- 

hei^tit.       char^. 


Fat. 


3.20 
3.15 
3.20 
3.50 
3.70 
3.60 

4.25 
4.10 
3.90 
3.60 
3.55 

3.90 
3.90 
3.60 
3.76 
3.40 

3.60 
3.30 


Sec-Jl 


86 


88 
72 
66 
30 
48 
24 


677 

386 

189 

49 

46 

150 
149 

4o 
101 

31 

52 
4 


A  number  of  miscellaneous  gagings  have  been  made  at  different 
times  at  different  points  upon  the  Arkansas  and  its  tributaries,  which 
have  been  compiled,  so  far  as  they  are  obtainable,  from  the  various 
sources  already  cited,  and  are  presented  in  the  following  table.  Sta- 
tions have  not  been  maintained  at  the  points  mentioned,  or  if  main- 
tained at  all  have  been  irregularly  kept,  and  the  records  have  been 
so  unsatisfactor\-  that  it  is  thought  best  not  to  publish  the  gage  heights 
or  to  approximate  the  discharge,  the  data  necessary  for  computing  the 
rating  tables  being  insufficient. 
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Miscellaiieoutt  dutcluirge  meafuremettU,  ArkauMw  River  ami  trihuiaruA. 


Date. 


Sept,  26,1893 

Sept.  24,1894 

Sept.  29,1897 

May  18,1898 

June  13,1898 

Aug.  5, 1898 

Sept.  15,1898 


Hydrographer. 


F.  H.  Newell. 
A.  P.  Davis . . 
P.  J.  Preston 
C.  W.  Beach. 

do 

do 

do 


stream. 


Locality 


l>b<chargi'. 


Arkansas Byron 


do... 

do  ... 

do... 

Purgatory 

do  ..'. 

Arkansas  . 


Hayden  . . . 
Manzanola 

do  .... 

J.  J.  ranch 

do  .... 

Manzanola 


0 

114 
208 
847 
37 
60 
208 


Difcharge  nwiisuremeiit*  niade  o;i  Arkanscui  River  at  Iai  Junta, 


Datt' 


Hydroifrapher. 


DiHcharge. 


I 


1893.     . 
Sept.  27  i  F.  II.  Newell 

>Iay   21     F.  II.  Newell 

June     7  :.,... do 

Jane     8   do 

Oct.      5  ' do 


1895. 
Feb.     6     F.  11.  Newell 
May    19    do 


Dec. 


do 


1897.     ' 
Sept.   12  '  P.  J.  Preston. 


1899. 
May    30  [  A.  L.  Fellows 

June  13  j do 

June  20  ; do 


Scc-ft. 
24 

157 

15, 000 

9,500 

55 

182 
658 
455 

0 

246 

857 
1,181 


IHwharffC  of  Arkansas  River  at  Iai  Jmita. 
[Drainage  area,  12,200  !«}uare  miles.] 


Month. 


Maxi- 
mum. 


1889.  Scc.-Jl, 

May  20  to  31 ^  1,960 

June 2, 620 

July '  2,290 

August '  1, 630 


I)iHchan?e. 


Mini- 
mum. 


St'cfi. 

605 

825 

345 

55 


Kiiii-ofT. 


Mean. 


Total  f<»r 
month. 


1,089 

l,:i55 

844 

435 


()6, 973 
80,  622 
51,90(^ 
26,  752 


Second- 
feet  per 
square 
mile. 

Depth  in 
inches. 

0.09 

0.10 

.11 

.12 

.07 

.08 

.04 

.04 
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SEEPAGE   MEASUREMENTS   ON   ARKANSAS   RIVER, 

A  series  of  seepage  measurements  have  been  made  upon  Arkansai> 
River  for  the  purpose  of  determining  the  return  flow.  These  have 
been  c»arried  on  under  the  direction  of  Prof.  L.  G.  Carpenter,  of  Fort 
Collins,  who  has  published  a  bulletin  upon  the  subject. 

The  table  below  is  compiled  from  data  given  in  the  Ninth  Biennial 
lli^l)oit,  page  308,  of  the  State  engineer's  office  of  Colorado,  as  fur- 
nished by  Professor  Carpenter: 

Seepage  menstirementx  of  Arkanntifi  River, 
[In  second- feet, J 


Place. 


Canyon  to  Bessemer  diU'h 

Bessemer  to  Pueblo 

Pueblo  to  Orchard  Grove 

Ort'hard  Grove  to  Boone 

Boone  to  Nei)esta -^ 

Nepesta  to  Otero  canal 

Otero  canal  to  Apishapa  Creek 
Apishapa  Creek  to  Rockyford . 
Rocky  ford  to  Fort  Lyon  canal 
Fort  Lyon  canal  to  La  Junta . . 

I^  Junta  to  Jones  ditch 

Jones  ditch  to  I^-as  Animas 

Las  Animas  to  Fort  Lyon 

Fort  Lvon  to  Caddoa 

Caddoa  to  Amity  canal 

Amity  to  Lamar 

Lamar  to  Hollv 

Holly  to  Coolidge,  Kans 


Total 
Unreliable . 


1897. 


1896. 


DiRtance 

(miles). 


33  1 

10  I 
8  ' 
16 
10 

8 

16J 

9 

3 
11 

9 

6 
11 
10 
11 

30 

^* 


215 


CJain 


Gain. 

IX. 

». 

Gain. 

54.40 

55. 17 

103. 47 

42.18 
9.40 

19.41 
20.30 

40.44 

16.90 

5. 

78 

18. 15 

30.55 

21.21 

35. 59 

22.39 

13.04 

8.20 

10.85 

14.76 

28.  51 

20.08 

38.14 

13.26 

3.63 

X 

6.68 

13.21 

14.20 

0 

57. 

36 

387. 43 
57.36 

243. 81 
51.41 



330.07 

192.  40 

Loss. 


15.96 


17.<>=) 
11.0*) 


.16 
6.64 


5L41 


NoTK. — Couiilinjf  the  unreliable  measurement  to  gain  as  in  1898,  the  gain  In  1897  would  lie  2** 
second-feet. 
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RIO  GRANDE  DIVISION. 
DRAINAGE. 

Descriptions  of  the  Rio  Grande  drainage  have  been  given  in  fonner 
reports,  but  a  short  resume  is  here  presented  for  the  convenience  of 
those  who  do  not  care  to  look  up  the  fonner  records.^ 

The  Rio  Grande  and  it^  tributjiries  drain  the  mountainous  area 
south  and  east  of  the  Continental  Divide  in  southwestern  Colorado, 
the  principal  streams  flowing  from  the  east  side  of  the  Needle  Moun- 
tains and  from  the  south  and  east  side  of  the  San  Juan  Range.  Impor- 
tant streams  also  flow  from  La  Garita  Mountains  in  Saguache  and 
Mineral  counties.  The  main  stream  flows  in  an  eastc^rlv  direction  for 
about  75  miles,  receiving  numerous  tributaries  from  the  mountainous 
region  through  which  it  flows.  At  the  town  of  Del  Norte  the  valley 
broadens  into  what  is  known  as  the  San  Luis  Valley;  thence  the  stream 
flows  southeastward  and  southward  for  about  the  same  distance  to  a 
point  about  20  miles  southeast  of  Antonito,  where  it  crosses  the  State 
line.  From  the  time  the  river  leaves  Del  Norte  Imt  few  streams  of 
importance  flow  into  it,  as  nearly  all  of  those  that  issue  from  the 
mountains  lose  their  waters  in  the  plains  before  they  reach  the  main 
stream.  This  is  particularly  true  of  the  drainage  north  and  east  of 
the  river  from  the  Cochetopa  Hills  and  the  Sangre  de  Cristo  Range. 
Although  the  streams  flowing  fi-om  these  mountains  are  very  numer- 
ous and  carry  large  volumes  of  water,  yet  they  furnish  no  source  of 
wnpply  to  the  Rio  Grande  itself,  all  the  water  being  lost  either  in  the 
sands  or  in  broad,  shallow  lakes,  until  Trinchera  Creek,  flowing  through 
the  Costilla  land  grant,  is  reached.  This  stream,  although  usually  dry, 
furnishes  a  supply  at  diflFerent  times  in  the  year.  On  the  south  and 
west  side  of  the  river,  however,  many  important  streams  flow  from 
the  mountains,  which  in  their  higher  stages  carry  large  volumes  of 
water  to  the  Rio  Grande.  Among  these  are  the  Alamosa,  La  Jara, 
and  Conejos.  The  supply  from  these  streams  also  is  used  mostly  dur- 
ing summer,  so  that  after  the  flood  stages  are  past  very  little  water 
flows  from  anv  of  these  sources  into  the  Rio  Grande  itself,  as  most  of 
it  is  used  in  the  upper  part  of  the  valley,  and  in  the  late  summer  very 
little  passes  Alamosa,  below  which  place  there  are  but  few  irrigating 
canals.     During  the  flood  stages,  however,  great  volumes  of  water 

oHayden's  Report  of  1875,  pp.  153  to  167.  Publications  r.  S.  Geolc^ical  Survey:  Tenth  Annual 
Report,  Part  11,  p.  65;  Eleventh,  Part  II  (see  index);  Twelfth,  Part  II,  p.  240;  Thirteenth,  I»art  III  (.see 
index);  Fourteenth,  Part  II.  p.  110;  Eight^-enth,  Part  IV,  p.  245;  Nineteenth.  Part  IV,  p.  381;  Twen- 
tieth, Part  IV,  p.  8B6.  Bulletins  No.  131,  p.  41;  No.  140,  p.  169;  Water-Supply  and  Irrigation  Pai>er 
No.  87.  See  also  all  Biennial  Reports  of  the  State  Engineers  of  Colorado  for  irrigation  in  this  division, 
and  Report  on  Agriculture  by  Irrigation.  Eleventh  Census,  hy  F.  H.  Newell,  p.  127.  For  map.s  see 
PI.  I  of  Part  II  of  the  fourth  and  seventh  and  PI.  V  of  the  fifth  rei><>rt.  5ee  also  Senate  Document 
No.  229,  Fifty-filth  CoogieaB,  second  seasiOD,  on  the  '* Equitable  distribution  of  the  wat^^rs  of  the  Rio 
Grande." 


102  WATER   RESOURCES   OF   COLORADO.  (no.  74. 

flow  in  the  Rio  Grande  itself  and  several  of  its  tributaries  which 
might  be  stored  and  used  for  the  extension  of  the  irrigated  area. 
Farming  is  carried  on  extensively  among  the  upper  valleys  of  several 
of  the  streams  issuing  from  the  mountains  north  and  east  of  San  Luis 
Valley,  but  no  official  measurements  have  been  made  upon  any  of 
these  streams. 

On  the  headwaters  of  nearly  all  of  the  tributaries  of  the  Rio  Grande, 
as  well  as  on  the  main  stream  itself,  are  important  reservoir  sites, 
which  might  be  utilized  to  store  water  for  late  use,  so  as  to  render 
crop  raising  more  certain  than  it  is  now.  Unfortunately,  owing  to 
international  complications,  it  has  been  impossible  in  the  past  to  make 
use  of  these  sites,  but  it  is  hoped  that  this  I'estriction  will  soon  be 
removed,  as  it  is  clearly  to  the  advantage  of  the  agricultural  interests 
as  a  whole  that  the  water  should  be  used  to  as  great  an  extent  as  pos- 
sible along  the  upper  portion  of  the  sti*eams. 

The  lands  drained  by  the  Rio  Grande  and  its  tributaries  constitute 
irrigation  division  No.  III.  The  various  districts  into  which  it  i^ 
divided  are  No.  20,  comprising  the  Rio  Gitinde  drainage,  excepting 
those  streams  included  in  separate  districts,  which  are  No.  21,  cov- 
ering Alamosa  and  Ija  Jai*a  creeks  with  their  tributaries;  No.  22. 
Conejos  Creek;  No.  24,  Costilla  Creek;  No.  25,  San  Luis  Creek;  No. 
26,  Saguache  Creek;  No.  27,  Tuttle,  Carnero,  La  Garita,  and  all  other 
creeks  and  their  tributaries  which  have  their  sources  of  water  supply 
in  the  La  Garita  Mountains  and  flow  eastward  into  the  San  Luis 
Valley;  and  No.  35,  Trinchera  Creek. 

There  are  many  problems  of  interest  connected  with  the  use  of 
water  in  the  San  Luis  Valley,  among  which  is  the  study  of  loss  by 
evaporation  and  seepage.  Investigation  is  being  carried  on  in  thi:? 
line  by  Prof.  L.  G.  Carpenter,  already  mentioned,  of  the  Colorado 
State  Agricultural  College. 

STREAM  MEASUREMENTS. 

Although  hydrographic  data  are  most  desirable  in  this  valley,  but 
little  hydrographic  work  has  been  done,  owing  to  the  scarcity  of 
funds,  both  in  the  office  of  the  State  engineer  and  the  United  Stat*^- 
Geological  Survey,  so  that  only  three  stations  have  been  maintained  fc»r 
any  considerable  length  of  time,  and  of  these  only  one,  the  station  at 
Del  Norte,  has  been  maintained  for  a  length  of  time  sufficient  to  fur- 
nish anything  like  accurate  information  concerning  the  normal  flow. 
The  two  that  have  been  kept  up  for  shorter  periods  are  a  station  near 
the  State  line,  upon  the  main  Rio  Grande,  and  one  upon  the  Coneji^. 
about  10  miles  west  of  the  town  of  Antonito,  on  the  Denver  and  Rin 
Grande  Railroad. 


B.    STATE  BRIDGE  ACROSS  RIO  GRANDE  NEAR  CQUORADO  STATE  L 
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RIO  GRANDE   AT   DEL   Nf>RTB. 


This  station  is  locut-ed  about  3  miles  west  of  the  town  of  Del  Norte, 
above  the  main  cjinals  taking  water  from  the  Rio  (irande.  Records 
have  been  kept  since  the  fall  of  the  vear  1889  for  verv  nearly  the 
entire  time.  A  steel  cable  is  stretched  across  the  river  at  this  point 
and  the  gagings  are  made  by  means  of  a  car  traveling  on  the  cable, 
distances  being  marked  on  a  tag  wire,  and,  at  low  water,  by  wading. 
The  channel  consists  of  small  bowlders  and  gravel,  and  although  the 
sides  are  not  high,  the  stream  has  never  been  known  to  oveiflow  at 
this  point.  The  conditions  are  excellent  for  good  results,  as  the  bed 
of  the  stream  scours  but  little,  although  the  fall  is  comparatively 
rapid.  The  station  is  of  great  value,  as  the  distribution  of  water 
among  the  numerous  consumers  is  made  to  depend  very  largely  upon 
the  data  obtained  as  shown  on  the  gage  rod.  Information  is  also 
furnished  concerning  the  supply  available  for  storage  in  reservoir 
sites  above. 

The  citizens  of  San  Luis  Valley  seem  to  appreciate  fully  the  advan- 
tage of  this  station  and  have  frequently  expressed  themselves  as  desir- 
ing to  see  this  service  extended.* 

»For  detailed  infomuition  coneeming  this  Htation,  see  Biennial  Reports  of  the  State  Enginecre  of 
Colorado:  Fifth,  Part  I,  pp.  21  and  40;  and  Part  II.  PI.  V:  Sixth,  p.  38;  Seventh,  p.  170;  Eighth, 
p.  4K8:  Ninth,  p.  385:  Tenth,  p.  321.  Also  publications  U.  8.  Geological  Survey,  Eleventh  Annual 
Report,  Part  II,  pp.  53  and  d8;  Twelfth,  Part  II.  p.  246:  Thirteenth,  Part  III,  p.  99;  Fourteenth,  Part  II, 
p.  110;  Eighteenth,  Part  IV,  p.  246;  Ninet«enth,  p.  883;  Twentieth,  p.  S59;  Twenty-nrst,  Part  IV,  p.  256; 
Bulletins  No.  181,  p.  41;  Nos.  140  to  170;  Water-Supply  and  Irrigation  Papers,  No.  11,  p.  64;  No.  16.  p.  127 
No.  28,  pp.  126, 129,  and  130;  No.  87.  p.  277;  No.  39,  p.  450;  No.  SO,  p.  347.  Also  Report  on  Agriculture  by 
Irrigation,  Eleventh  Census,  by  F.  H.  Newell,  pp.  118,127 
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Maximum  and  minimum  discharge  and  average  run-off  of  Jiio  Grande  at  Del  Xorte  for 

that  portion  of  each  year  covered  by  recordn. 


Year. 


1S90 

1891 

1892 

1893 

1894 

1895, 

1896. 

1897. 

1898. 

1899. 

1900. 


Discharge. 

Run -off  .a 

Minim 
Date. 

um. 
Amount. 

1 

Maximum. 

Date.              Amount. 

1 

Depth  ill 
ineheft. 

Sei-ond- 

feet  i>er 

8quare 

mile. 

Oct.       2 

Src.-/I. 
307 

Apr. 

27 

1                        I 
5, 9150 

12.06 

0.89 

Sept.    19 

290 

Mav 

7 

5,650 

13.5() 

1.00 

Sept.   26 

243 

Mav 

• 

24 

4,710 

7.92 

.58 

Nov.      8 

214 

Mav 

•> 

19 

3, 320 

6.93 

.51 

Nov.    27 

201 

May 

17 

2,  850 

6.29 

.46 

Nov.    21 

322 

June 

12 

3, 840 

10.14 

.75 

Aug.    21  , 

214 

Mav 

3 

3, 579 

8.58 

.6:} 

Sept.     1  1 

342 

May 

27 

5, 2:54 

13.05 

.96 

Nov.     9 

221 

June 

3 

5, 266 

14.06 

1.08 

Sept.   13  . 

268 

May 

11 

2, 330 

7.87 

.58 

Aug.    31 

163  , 

May 

29 

5,454 

8. 55 

.63 

"The  run-off,  per  acre-foot,  given  is  for  eaeh  entire  year,  including  estimates;  the  discharge'  given 
is  for  average  months  and  the  totals  for  an  average  year,  as  calculated  from  all  ob9er\'ation8  and 
eytimates.    Details  may  be  found  in  the  authorities  cited. 

IHncharge  measurements  made  on  Rio  Grande  at  Del  Xorte. 


T.  M.  Bannon 

T.  M.  Bannon 

F.  H.  Newell . 
A.  P.  Davis  .- 


Date 

1891. 
Apr.    10 

1892. 
Oct.     27 

1894. 
June  13 
Sept.  27 

1895. 
June  14 
Oct.     13 

1896. 
June  22 
July    27 

Sept.  28  I do 

Oct.     26  1 do 

1897.     1 

Apr.  26 

May  17 

May  29 

June  28    do 

Julv  26    do 

Aug.  30    do 

Oct.  25  I do 


Hydrographer. 


A.  P.  Davis  and  F.  Cogfwell 
F.  Cogswell 


F.  Cogswell 
....do  .... 


F.  Cogswell 
....do.... 
....do.... 


(»age 
height. 

Dis- 
1    charge. 

Feet. 

,    S(c-/l. 

2.20 

527 

1.58 

274 

2.68 

968 

1.52 

267 

4.00 

2,818 

1.80 

414 

1.90 

492 

1.70 

385 

2,30 

706 

1.80 

445 

3.00 

1,507 

4.a5 

3,014 

5.45 

4,  898 

3.30 

1,769 

2.00 

640 

1.55 

373 

2.66  ' 

1,113 
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Dittrhfirfff  mfn^irnnentu  made  on  Rio  (irandf  at  Del  Xorte. — Gontiniied. 

~i  ''  "~  -—    - 

Date.  HydniRnipher. 

1898. 

Apr.    14     A.  L.  Fellows 

May    18  ' do 

June   23    do 

Auj?.    25    do 

Oi't.     25    do 


1899. 

Apr.    25  '  A.  L.  Fellowp 

Mav    24  ' do 

June  29    do 

Auj?.    21    do 

1900.  . 

Mar.    :W  ,  A.  L.  FellowM 

May    12    do 

June   16    do 

Aug.    18    do 


lieiirht. 

In- 

J-\vi, 

jv..-  ■ 

3.27 

V.*- 

3.23 

I.-. 

5.25 

o.> 

1.86 

^1'' 

1.48 

:'-M 

2.42 

!.'•- 

2.92 

I.-^'i 

2.10 

r**^ 

1.58 

.y 

1.54 

%¥ 

3.W 

2,4^ 

3.66 

2,:^. 

1.34 

.V 

C'ONB.108   RIVER   NEAR    IX>S   MiKJOTKS. 

This  stream,  the  most  important  tributary  of  the  Rio  Grande  '.i 
Colorado,  rises  on  the  eastern  slope  of  the  San  Juan  Kangpe,  whir- 
forms  the  western  boundary  of  Conejos  County.  It  flows  southea^- 
ward  as  far  as  the  town  of  Conejos;  then,  bending  northeastward, 
enters  the  Rio  Grande  below  the  mouth  of  Trinchera  Creek.  All i' 
the  ordinary  flow  of  this  stream  is  used  during  the  irrigation  seasi* 
but  at  flocxl  stages  and  in  winter  considerable  water  goes  to  wasit 
The  station  is  lociited  alx)ut  10  miles  west  of  Antonito,  from  whirl 
town  it  may  be  reached  by  driving.  The  nearest  post-office  is  at  h^ 
Mogotes,  a})out  4  miles  from  the  station,  but  the  observer  was  alwa}- 
accustomed  to  get  his  mail  at  Antonito.  It  was  established  AugiM 
25,  1S99,  and  was  first  located  at  a  wagon  bridge  crossing  the  riiei: 
but  owing  to  the  fact  that  the  rod  at  that  point  was  maliciou^l* 
destroyed,  the  station  was  removed  to  a  point  about  500  yards  doi*?; 
stream,  where  it  was  attached  to  a  pier  projecting  into  the  river  m'sr 
a  farmhouse.  The  channel  is  fairly  good,  being  of  gravel  and  n«t 
particularly  liable  to  either  change  or  overflow.  Owing  to  the  reiuova! 
of  the  gage  from  its  old  station  and  to  the  small  number  of  mea^un^ 
ments  made,  but  few  data  are  available. 

San  Antonio  River  is  an  important  branch  of  the  Conejos,  and  a  fe» 
measurements  were  made  upon  this  stream  also,  these  being  given  ii 
the  list  of  miscellaneous  measurements.^ 


n  For  more  deUillcd  information  reK^rdlnK  this  Ktatlon,  see  Tenth  Biennial  Keport  o(  the  SUU-  Kr 
IfinecTof  ('.«>lorttdo,|».32K.Rnd  T.S.  (Jwilofirical  Survey  Water-Supply  and  Irrigation  Papers,  No. 37.  p  .*> 
and  No.  .lO.  p.  ;^1H.    Also,  KciMirt  on  AKruniltun*  by  IrriKaliou,  Eleventh  CeusuA,  by  F.  H.  NeweILp  I'J^ 
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Discharge  mecmurementJi  made  on  Cojiejos  River  near  Ijw  yfogotes. 

[A.  L.  Fellows,  hydro^rapher.] 


Date                                                                  '  ^«^«     i  ^^ 

^*®'  height.   '  charge. 

1899.  fleet.      .  Srr,-/t. 

Aogust25  1.00  '  76 

November28 2.20  '  70 

1900. 

March  28 1.68  144 

May  11 3.10  i  1,087 

June23 ;  2.30  i  467 

Augustl7 ,  1.15  ,  33 


RIO  <;randb  at  cenicero. 


This  station  is  located  a  short  distance  north  of  the  boundary  line 
between  Colorado  and  New  Mexico,  at  a  point  where  the  river  is 
crossed  by  a  State  wagon  bridge.  It  was  established  July  28,  1899, 
and  has  been  kept  up  regularly  ever  since.  Two  gage  rods  are  neces- 
sary, one  for  high  and  the  other  for  low  water.  The  channel  is  excel- 
lent, the  bed  consisting  of  bowlders  and  rock  and  being  subject  to  but 
little  change,  and  the  banks  are  high  and  not  liable  to  overflow.  At 
high  water  gagings  may  be  made  from  the  bridge,  but  at  low  water 
they  are  usually  made  by  wading.  The  station  is  an  important  one, 
as  it  gives  information  concerning  the  entire  drainage  of  the  Rio 
(ji-ande  in  Coloi'ado  and  the  discharge  of  the  river  practically  where  it 
enters  New  Mexico,  this  information  being  of  value  to  both  Colorado 
and  New  Mexico  and  furnishing  important  data  bearing  upon  storage 
and  the  use  of  water.  The  nearest  railroad  point  is  Antonito,  from 
which  the  station  may  be  reached  by  driving  about  15  miles.  The 
nearest  post-office  is  at  Eastdale,  but  the  observer  has  been  in  the 
habit  of  getting  his  mail  at  Cenicero,  which  is  on  the  road  between 
Antonito  and  the  gaging  station,  about  4  miles  from  the  former.'' 

a  For  more  detailed  information  concerning  this  station,  see  Tenth  Biennial  Report  of  the  State 
Engineer  of  Colorado,  p.  326;  U.  S.  Ger)lo§rical  Survey  Water-Supply  and  Irrigation  Papers,  No.  37, 
p.  279:  No.  39,  p.  450,  and  No.  50,  p.  a». 
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[5....:4 


Estimated  mmUhly  diBcharge  of  Rio  Grande  at  Cmieero. 
[Drainage  area,  7,696  square  mllefi.] 


DiM*harge  in  peoond-feet. 


Month. 


Maxi- 
mum. 


Mini-     I 
mum. 

i 


Mean. 


Total  in  arre- 
feet. 


Run-dl 


Second- 
feet  per    l^v- 
'    Miuare      ii»-t- 
mile. 


1899. 


July 

AugUi^t  . . . 

Sept*?nilK»r 
Octol)er  . . 
November 
D©ceinl)er 


I^ast  6  months  of 
the  vear ' 


1900. 


January . 
February 
March . . . 


April 

May 

June 

July 

AugUHt  .  .  . 

Septeml)er 
October  ,. 
November 
Decem]x»r 


170 

12 

42 

129 

20 

53 

423 

31 

102 

170 

65 

117 

297 

170 

259 

381 

170 

318 

42:^  ' 

12 

148 

1,134  ' 

594 

638 

1, 134  1 

22 

759 

1,134 

236 

583 

504 

183 

350 

3,294  1 

414 

1,430 

3,294 

79 

1,424 

58  ! 

22 

29 

22  1 

16 

22 

43 

16 

31 

58  ' 

31 

31 

504 

58 

155 

594 

414 

571 

2,582 
3, 259 
6,069 
7,194 
15, 412 
19, 553 


0.0ft5 
.007 
.013 
.015 
.034 
.041 


II* 

I-' 


54, 069  .  019 


The  year 3,294 


16 


502 


39, 22i) 
42,153 
:»,  847 
20,826 
87, 927 
84,734 

l,78:J 

1,353 
1,^45 
2, 275 
9,223 
35,109 

362, 304 


.083 
.099 
,076 
.045 
.186 
.185 
.004 

,(m 

.001 
.005 
.020 
.074 

.065 


1 

.1 

.-.1 


hi^rharge  measurernents  made  on  Rio  Grande  at  Cenicfro, 

[A.  L.  Fellows,  hydrographer.] 


Date. 


iS&\  r^--^- 


1899.  I  fw, 

June  28 '  0.90 

Augu8t24 1.00  ' 

Novemb<»r28 1.80  ' 

1900. 

March29 [ 1.60  , 

May  10 

June  22 \ 

August  16 


.'^fr^ 


..   2.00 

.v*» 

1.80 

4? 

.75 

b 

I 

^ 
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MISCELLANEOr8   MEASUREMENTS. 


A  table  is  given  below  of  the  miscellaneous  measurements  of  which 
records  are  obtainable  that  have  been  made  in  the  Rio  Grande  drainage 
basin  in  Colorado.  These  are  of  importance,  as  they  furnish  informa- 
tion concerning  the  flow  of  the  various  streams  at  stated  times  and 
given  points. 

MisceUaTieous  discharge  meamremerUs  on  Rio  Grande  and  tribtUaries. 


Date. 


Sept. 

June 

Oct. 

May 

June 

June 

July 

Aug. 


28,1894 
16,1895 

14. 1895 

19. 1896 
23, 1896 
24,1896 
26, 1896 
20,1899 


Aug.  23,1899 

May    11,1900 
June  22,1900 


HydTOfl:rapher. 


A.  P.  Davis 

F.  Cogswell 

do , 

do 

do 

F.  F.  Anderson. 

F.  Cogswell 

A.  L.  Fellows  . . 


do 

do 
do 


stream. 


Hio  Grande 

do.... 

do.... 

do.... 

do.... 

Conejos  ... 

do.... 

do  .... 


.do 


San  Antonio 
do 


Locality. 

Alamosa 

do 

do 

do 

do 

LosMogotes 


Diflcharge 
in  second- 
feet. 


6     miles     below 
Alamosa. 

i  mile  above  Ala- 
mosa. 

Antonito 

do 


10 

1,176 

92 

132 

32 

67 

3 

17 

10 

473 
4 


SEEPAGE  MEASUREMENTS. 

The  seepage  measurements  given  below  were  made  under  the  direc- 
tion of  Prof.  L.  G.  Carpenter,  of  Fort  Collins,  and  were  furnished  by 
him  to  the  State  engineer  of  Colorado.  The  table  is  from  the  Tenth 
Biennial  Report,  pages  219  and  221.  Professor  Carpenter  expects  to 
publish  a  bulletin  on  these  measurements  shortly. 
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Sefpcujf  meaturemeniM  on  Rio  (ininde,  1000. 

[In  tueeond-feet.] 


\\v- 


IMhcc  of  meiuturement. 


Date. 


Section      Section 
inflow.    ■  outtake. 


Section       T««i 

River.    I       f(ain  p^ 

I     or  loflR.       «b» 


0.  86  .     33. 41     194.  24 


Railroad  station  at  South  | 
Fork Aug.    30 

United   States   Geolof^ical  • 
Survey  gaging  station  ,. .    Aug.    31 

Do Aug.    20   146.61 

AlM)ve  Del  Norte  canal do  . . .' 

Do Aug.    21  I '    32.11 

At  OfPs do  ...' 

Do Aug.    22    47.J9 

Below  Prairie  canal ; do  . . .         .31  ' 

Do j  Aug.    23        4.33  i    96 

Below  Monte  Vista  l)ridge  .■ do 

Do ,  Aug.    24   i    30.29 

Below  San  Luis  canal do  ...       5. 21  I     14. 24 

Below       Hickory-Jackson  1                                 i 
ditch I do ' 


Do I  Aug.   25 

Below  Alamosa , do  ... 

Do Aug.    27 

Above  mouth  of  Conejos 

River 1 do  . . . 

Below     Conejos     (North  | 

Branch) ' do  ... 

Below  I^as  Sanctis ! do  . . . 

Do... Aug.    28 


10.69 


Al)ove  State  bridge. 


do 


14. :« 

I 

6.90  i 

I 

I, 


Seepage  mea^urenierUs  on  Conejos  River^  1900. 

[In  .Hccond-feet.] 


At  State  gaging  station  . . . 
Above  San  Juan  bridge. . . 

At  bridge ' do  .. 

Above  Cerritos ]  Aug.   I^ 


Below  San  Antonio  Creek  . 

At  Mclntire  place 

Do 

Below  Mclntire  spring 

Two  hundred   feet  above 
bridge 


Aug.    31    ;    24.65 

...do 1.97  '    24.77 

2.15 

0.77    


3.32  t 


•  .  .  •  CIO   ...1.     ......I 

do  ...I I 

Aug.    29  ' 24 

....do 14.19 


.do 


.50 

.80 

.55 

3.88 

4.33 

31.33 

24.02 


209.83 

48.15 

4\:^ 

249.06    . 

176.50 

25.95 

22  .*. 

178.90  '. 

168.48 

21. 69 

43.- 

156.22    . 

99.29 

-10.05 

;r»-  ^ 

108.91    . 

14 

3.24 

3»}." 

14.30    . 

5.90 

21.89 

.>:'-*• 

10.65 

13.98 

'      Hfi.1* 

11.55  1. 

1       

1 

.14 

6^'. 

1.01 

1 

1 
1.35 

.24 

! 

15.33 

-.35 

68.  v 

23.98  ' 

1.75 

68.? 

22.31  1. 

17.22 

5.09 

tJiU^ 

I 


2.09 

22. 12 

.30 

-1.02 

6.65 


-19.  ~ 

-21).:* 

-14. 1»' 


6.88 


-11.: 


-i-:^ 
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SAN  JUAN  DIVISION. 
IRRIGATION'. 

San  Juan  River  rises  in  the  San  Juan  Mountains,  the  small  streams 
at  the  head  flowing  westward,  opposite  to  the  direction  taken  by  the 
branches  of  the  Conejos.     The  country  is  generally  mountainous  and 
rough,  and  but  little  irrigation  is  practiced  along  the  stream,  except 
in  the  bottom  lands  adjacent  to  the  channel.     The  stream  flows  but 
a  short  distance   through  Colorado  before  entering   New   Mexico, 
through  which  it  flows  for  about  100  miles,  then  crosses  the  southwest 
corner  of  Colorado  again,  and  flows  thence  through  Utah  to  its  junc- 
tion with  the  Coloi^ado  at  Henry  Mountain.     The  principal  tributaries 
flowing  from  Coloi*ado   into  this  river  are  the  Piedra,  Los   Pinos, 
Florida,  Las  Animas,  La  Plata,  and  Mancos,  all  of  which  flow  through 
comparatively  narrow  valleys,  crossing  the  line  into   New  Mexico 
before  the  San  Juan  itself  is  reached.     A  large  portion  of  this  country' 
has  been  but  very  recently  opened  to  settlement,  as  it  remained  a  j)art 
of  the  Southern  Ute  Reservation  until  1899,  when  the  western  half  of 
that  reservation  was  thrown  open  to  settlement,  and  a  number  of  set- 
tlers have  come  in.     A  very  considerable  portion  of  the  most  desir- 
able lands   had,  however,  been  taken  by  the  Indians   in   severalty. 
There  lire  a  number  of  excellent  mesas  of  good  farming  land  which 
will  undoubtedly  be  eventually  irrigated.     A  number  of  surveys  have 
already  been  made  of  canal  lines  to  cover  these  tracts,  which  will  be 
speedily  pashed  to  completion. 

DRAINAGE. 

San  Juan  River  and  its  tributaries  drain  practically  all  of  that  por- 
tion of  the  southwestern  corner  of    Colorado  which  comprises  the 
Dui-ango  Land  District,  except  a  portion  of  the  northern  part,  which 
is  drained   by  the  Dolores  River,  a  tributarv  of  the  Grand.     The 
northeastern  quarter  of  this  district  is  very  mountainous,  the  principal 
tributaries  of  the  San  Juan   having  their  headwaters  among  lofty 
mountain  peaks  and  mountain  parks  of  high  altitude.     Little  irriga- 
tion is  practiced  in  the  upper  valleys  of  any  of  the  streams  of  this 
district,  except  for  raising  hay,  above  a  height  of  about  7,000  feet, 
from  which  altitude  the  level  of  this  district  in  Colorado  runs  down  to 
about  4,5(X)  feet.     In  the   lower  valleys  agriculture   is  extensively 
practiced,  and  nearly  all  kinds  of  crops  that  may  be  raised  in  temper- 
ate climates  are  cultivated.     A  very  large  portion  of  the  division  will 
undoubtedly  be  in-igated  eventually,  and  water  will  be  used  exten- 
sively  for  the  development  of  power,  so  that  the  supply  of  water  in 
many  of  the  streams  will  prove  inadequate  without  a  comprehensive 
s^'stem  of   storage.      There  are  fortunately  a    number  of   excellent 
reservoir  sites  on  the  headwaters  of  a  number  of  the  streams,  particu- 
larly upon  the  San  Juan,  Piedra,  Los  Pinos,  and  Florida. 
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The  drainage  area  of  the  San  Juan  and  its  tributaries,  while  consti- 
tuting irrigation  division  No.  IV  in  accordance  with  the  laws  of  Colo- 
rado, is  practically  composed  of  a  number  of  strictly  independent 
districts,  as  each  one  of  the  main  tributaries  crosses  the  line  between 
Colorado  and  New  Mexico  before  it  empties  into  the  San  Juan,  and 
hence  the  use  of  the  water  of  the  various  streams  does  not  conflict  to 
any  great  extent.  The  irrigation  districts  that  compose  the  division 
and  the  streams  that  furnish  their  supply  of  water  are  No.  29,  com- 
prising the  territory  drained  by  the  headwaters  of  the  San  Juan  and 
the  Piedra;  No.  31,  the  Los  Pinos  district;  No.  30,  the  Las  Animas  dis- 
trict; No.  33,  the  La  Plata  district;  No.  34,  the  Maucos  district,  and 
No.  32,  the  Montezuma  Valley  district,  the  latter  being  practically  a 
part  of  the  Grand  River  division. <* 

STREAM   MEASUREMENTS. 

A  number  of  stations  have  been  maintained  at  different  times  in  this 
division,  those  for  which  separate  tables  are  given  being  situated  near 
Arboles,  on  the  San  Juan  and  Piedi-a  riv^ers;  at  Ignacio,  on  Los  Pinos 
River;  at  Stewart's  ranch,  on  Florida  River;  at  Durango,  on  Animas 
River;  and  at  Mancos,  on  Mancos  River.* 

SAN   JUAN    KIVER   AT   ARBOLES. 

This  station  is  located  a  short  distance  west  of  the  old  Arboles  rail- 
road station  on  the  Denver  and  Rio  Grande  Railroad,  where  a  foot- 
bridge was  constructed  by  the  Survey  across  the  river  for  the  purpose. 
The  channel  is  not  favorable  to  accurate  measurements,  the  bridge 
crossing  the  river  at  a  point  where  there  is  a  deep  hole  and  the  left 
bank  being  liable  to  overflow.  The  bed  of  the  channel  is  somewhat 
sandy  and  shifting,  gravel  bars  forming  at  time«  along  the  bends  of 
the  river  and  again  being  displaced  at  the  next  high  water.  Measui'^- 
ments  were  made  from  the  footbridge  above  mentioned.  The  station 
was  valuable  as  furnishing  information  concerning  the  flow  of  the  San 
Juan  into  New  Mexico  and  the  amount  of  water  available  for  the  us?e 
of  the  Indians  along  its  border,  as  well  as  for  use  on  tracts  of  the 
public  domain. 

The  well-known  Pagosa  Mineral  Springs  are  situated  upon  the  head- 
waters of  the  San  Juan,  and  a  i"ailroad  has  recentlv  been  constructed 
into  this  territory.^ 

a  For  detailed  information  concerning  the  agriculture  of  this  region,  see  the  State  Engineers'  Rep*»nv. 

ft  For  more  detailed  information  coneeniing  this  druinage  basin,  see  Hayden'a  Report  of  1875.  Ab*? 
publications  U.  S.  Geological  Purvey:  Eighteenth  Annual  Report,  Part  IV,  p.  278;  Nineteenth.  Part 
IV,  p.  409;  Twentieth,  Part  IV,  p.  400;  Bulletin,  No.  140,  p.  195;  Water-Supply  and  Irrigation  Paptf 
No.  38,  p.  307.  A1.HO  Tenth  Biennial  Report  of  the  State  Engineer  of  Colorado,  p.  330.  Also  Rep<.>rt  oc 
Agriculture  by  Irrigation,  Eleventh  CensuH,  by  F.  H.  Newell,  pp.  90-135. 

<'For  more  detailed  data  concerning  this  station  see  Biennial  Reports  of  the  State  Engineer*:  '4 
Colorado:  Eighth,  p.  498;  Ninth,  p.  388;  Tenth,  p.  331.  Also  publications  U.  S.  Geological  Surfer 
Eighteenth  Annual  Reports,  Part  IV,  p.  279;  Nineteenth,  Part  IV,  p.  409:  Twentieth.  Part  IV,  p.  401. 
Twenty  first.  Part  IV,  p.  297;  Bulletin  No.  140,  p.  195;  Water-Supply  and  Irrigation  Papere  No.  ii.  p. 
71;  No.16,  p.  144;  No.  28,  pp.  138, 142,  and  145;  No.  38,  p.  307;  No.  89,  p.  461.  Alao,  Report  on  Agriculture 
by  Irrigation,  Eleventh  Census,  by  F.  H.  Newell,  p.  102. 
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[sa't 


Mcutimum  and  minimum  diKharge  and  average  run-off  of  San  Jiian  River  at  Arbdefy 

thai  portion  of  each  year  covered  by  records. 


Yew. 


1895 
1896 
1897 
1898 
1899 


IHscharife. 


Minimum. 


Maximum. 


Run-off.« 


Date.       '  Amount.         Date. 


1 

Sec.-Jt. 

Nov. 

11 

135 

Aug. 

22 

136 

Aug. 

31 

182 

Sept. 

25 

83 

Sept. 

8 

96 

Amount. 


Depth  in     iwt  i^: 
inches.       sqcan: 
Biik 


June  19 
May  6 
May  20 
June  24 
May    13 


1,770 
2,615 
4,423 
3,256 
1,976 


0.:» 

.45 

1.07 

.73 

.47 


a  The  run-off  given  in  the  horizontal  lines  i^  the  amount  for  that  part  of  each  year  covered  by  !bf 
record  and  the  depths  in  inches  is  for  a  period  of  thirty  days  at  the  rate  given  as  the  mean  in»<vr ) 
feet  per  square  mile  for  the  period  covered.  The  discharge  given  is  for  average  months ai^i^ 
total  for  an  average  period  of  eight  months  as  derived  from  the  observations.  Details  may  be  foci*. 
in  the  authorities  cited. 

Diitcharge  meamirements  made  an  San  Juan  River  at  Arboles. 


Date. 

1895. 
June   21 
Aug.    30 
Oct.     11 
Nov.    25 

1896. 
Mav     16 
June  21 
July 
Sept. 
Oct. 

189 
Apr. 
May 
June 
July 
Aug. 
Sept. 
Oct. 

1898. 
Apr.  12 
May 
June 
Aug. 
Aug. 
Oct. 


Hydrographer. 


Gage 
height. 


F.  (^ogHWell 

....do 

do 

do  .... 


25 
26 
24 

• 

25 
16 
27 
25 
29 
26 
24 


F.  Cogswell 
....do  .... 

do  .... 

do 

do  .... 


17 
21 
8 
21 
23 


F.  Cogswell, 

do 

do  .... 

do  .... 

do  .... 

do  .... 

do 


A.  L.  Fellows. 

do 

do 

G.  H.  Matthes 
A.  L.  Fellows . 
do 


7.30 
6.20 
5.80 
5.90 

6.65 
5.90 
6.00 
6.15 
6.20 

8.30 
8.80 
7.60 
6.50 
5.80 
8.00 
6.90 

7.30 
7.42 
8.10 
6.30 
6.05 
5.80 


chare- 


1,'V 

1\> 


'SC 


p 


I.tI: 
1,4  • 


t'^'' 


FBLL0W8.J  SAN   JUAN    DIVISION.  115 

Discharge  measurement*  made  on  San  Juan  River  at  Arbolen. — C'ontinue<l. 


Date.  Hydrographer. 


1899. 

Apr.    23  A.  L.  Fellows. 

May    22    do 

Jiine  26   do 

Nov.   26   do 


hejglt. 

Dis- 
charge. 

FeH. 

Ser.-Ji. 

7.00 

1,286 

6.60 

737 

6.15 

277 

5.75 

127 

PIKDRA    RIVER   AT   ARBOLE8. 


This  tributary  of  San  Juan  River  risen  among  the  San  Juan  Moun- 
tains in  Hinsdale  and  Mineral  counties,  in  southern  Colorado,  and 
flows  in  a  nearly  southerly  direction  to  its  junction  with  the  San  Juan 
about  one-quarter  of  a  mile  west  of  the  old  Denver  and  Rio  Grande 
Railroad  station  at  Arboles.  Yer}^  little  irrigation  is  practiced  upon 
this  stream,  and  that  little  is  along  the  lower  course  of  the  river.  It 
is  possible,  however,  to  take  water  out  for  the  irrigation  of  mesa 
lands  lying  along  the  west  side  of  the  stream  between  it  and  Los  Pinos 
River.  The  value  of  the  information  derived  from  the  maintenance 
of  this  station  is  due  to  the  fact  that  it  is  an  important  source  of  sup- 
ply for  the  Indians  along  its  borders  and  for  the  owners  of  lands  along 
the  San  Juan  below  their  junction." 

«  For  more  detailed  information  concerning  thii)  station,  nee  Biennial  Reports  of  the  State  Engineers 
of  Colorado:  Eighth,  p.  504;  Ninth,  p.  390;  Tenth,  p.  334.  AIho  publications  V.  S.  Geological  Survey: 
EiKhtecnth  Annual  Report,  Part  IV,  p.  281;  Nineteenth,  Part  IV,  p.  411;  Twentieth,  Part  IV,  p.  402; 
Twenty-first,  Part  IV,  p.  298;  Bulletin  No.  140,  p.  196;  Water-Supply  and  Irrigation  Papers  No.  11, 
p.  71;  No.  16,  p.  145;  No.  28,  pp.  139, 142  and  145;  No.  38,  p.  308;  No.  39,  p.  452. 
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Maximum  and  minimum  discharge  and  average  nin-off  of  Piedra  River  at  Arbtji^n  for 

that  portion  of  each  year  covered  fjy  records. 


Year. 


Discharge. 


Minimum. 


Date.       I  Amount. 


Maximum. 


1895. 
1896. 


Nov.      6 
Auf?.    11 


Sec.'/I. 
60 

23 


1897 Aug.    25  I  65 

1898 Nov.    13  I  27 

1899 Sept     6  25 


Date. 


July  12 

(May  6 

ISept.  24 

May  7 

Apr.  27 

Mav  13 


Amount. 


Sec.-Jt 


Run-<»ff.a 


Depth  in 
inches. 


Second- 
feet  per 
Aquare 
mile. 


6.70 
2,066 
3,000 
2,398 
1,599  i 
643  ' 


0.37  1     0.327 


} 


.60 

1.36 
.84 
.35 


.540 

1.224 
.763 
.307 


a  The  mn-off  given  in  the  amount  for  that  part  of  each  year  covered  by  the  records  and  the  depth 
in  inches  fcr  a  period  of  thirty  days  as  the  rate  given  as  the  mean  in  second-feet  per  square  mile  for 
that  period  covered.  The  discharge  given  is  for  average  months  and  the  total  for  an  average  period 
of  eight  months  as  derived  from  the  observations.    Details  may  be  found  in  the  authorities  cited. 

Discharge  Tneasurements  made  on  IHedra  River  at  Arboles. 


Date. 


Hydrographer. 


Gage 
height. 


Dis- 
chatgc. 


1895. 
June  21 
Aug.    :» 
Oct.     11 
Nov.   25 

Jo0B. 
May  18 
Jane  20 
July  24 
Sept.  27 
Got.     25 

1897. 
Apr.  24 
May  15 
June  "26 
July  24 
Ang.  28 
Sept.  25 
(k-t.     23 

1898. 
Apr.  13 
May  16 
June  22 
Aug.  8 
Aug.  24 
Oct     24 


A.  P.  Davis  and  F.  Cogswell 

F.  Cogswell 

do 

do 


F,  Cogswell 

do 

do 

do  .... 

do  .... 


F.  Cog»well. 

do 

do 

do 

do 

do 

do 


A.  L.  Fellows . 

do 

.. ..  .do 

6.  H.  Matthes 
A.  L.  Fellows . 
do 


firti. 

s^c-fi. 

3.90 

606 

3.20 

235 

2.90 

140 

2.80 

115 

3.90 

544 

2.90 

109 

3.05 

189 

3. 70 

46& 

3.00 

179 

5.20 

1,4» 

5.65 

1,629 

4.20 

677 

3.10 

230 

2.60 

65 

4.15 

675 

4.00 

586 

4.80 

1,158 

4.52 

937 

5.10 

1,315 

3.10 

195 

3.05 

186 

2.60 

52 
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Discharge  m,eagurement»  made  mi  Piedra  River  at  ArhoU* — Continued. 


Date. 

Hydrographer. 

Gage 
height. 

Dis- 
charge. 

1899. 
Apr.    23 
May    22 
June   26 

A.L.  Fellows 

F^ert 
3.80 
3.40 
2.90 
2.80 

See.'ft. 
499 

do 

279 

do   

111 

Nov.    26 

do 

88 

IXW   PIN08   RIVER   AT   I6NACIO. 

This  stream  drains  the  country  near  the  western  end  of  the  San 
Juan  Range  and  the  southern  slope  of  the  Needle  Mountains.  It  flows 
in  a  southerly  direction  for  about  50  miles,  crossing:  the  Colorado  line 
about  5  miles  south  of  La  Boca,  on  the  Denver  and  Rio  Grande  Bail- 
road.  The  valley  is  in  general  wider  than  the  valleys  of  the  Piedra 
and  San  Juan,  and  irrigation  is  more  extensively  practiced  along  the 
borders  of  the  stream.  A  number  of  canals  have  been  constructed  by 
the  Government  for  the  benefit  of  the  Indians  located  on  the  bottom 
lands.  Several  irrigation  canals  have  also  been  projected,  and  surveys 
have  been  made  ])y  private  parties  for  the  purpose  of  taking  out  water 
to  the  adjacent  mesas.  The  ^.tation  is  important  as  giving  information 
concerning  the  supply  of  water  available  for  the  use  of  the  Indians 
and  of  white  settlers  as  well.  The  Indians  have  in  general  taken  lands 
in  severalty  in  the  first  bottom  lands  of  the  stream,  but  since  the  res- 
ervation was  thrown  open  many  white  settlers  have  filed  on  lands 
higher  up.  The  normal  supply  of  this  stream  will  probably  eventu- 
ally prove  insufficient  for  irrigation,  and  this  may  be  true  even  with 
storage.  There  are,  however,  some  very  fine  reservoir  sites  upon  the 
headwaters  of  the  stream  which  may  be  used. 

The  gaging  station  is  located  at  the  subagency^  about  2  miles  north 
of  the  station  of  the  Denver  and  Rio  Grande  Railroad.  The  channel 
is  fairly  suitable  at  this  point,  being  of  gravel  and  bowlders,  and  h&s 
suffered  little  change  since  the  station  was  established.  Measurements 
are  usually  made  at  the  wagon  bridge,  to  which  the  rod  is  attached, 
but  may  at  times  of  low  water  be  made  by  wading.  The  channel  is 
fairly  stable  at  this  point,  the  banks,  although  low,  not  being  particu- 
larly liable  to  overflow.  Records  have  been  irregular  and  unsatisfac- 
tory, but  a  table  is  compiled  from  the  few  that  have  been  sent  in.** 

a  For  more  detailed  data  concerning  thin  station,  sec  Tenth  Biennial  Report  of  the  SUtte  Engineer 
of  Colorado,  p.  336.  Also  pubhcationfl  V.  S.  Geological  Snrvey:  Twenty-first  Annual  Report,  Part  IV. 
p.  299^  Water-Supply  and  Irrigation  Papers,  No.  38,  p.  309,  No.  39,  p.  462;  No.  50,  p.  880. 
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Estimated  monthly  discharge  of  Lor  Pino*  River  at  Tgmicio. 
[Aldtude,  6,422  feet;  drainage  area,  450  Rquarp  m11e».] 


Discharge  in  aecond-feet. 


Month. 


Maxi- 
mum. 


1899. 
April  23  to  30... 

May 

June 

July 

August 

September 

October 

November 

December  1  to  21 

1900. 

January 

February 

March 

April  1  to7 

May  9  to  26 


947 
605 
662 
1,346 
264 
292 
124 
89 

101 

61 

141 

193 

1,326 


Mini- 
mum. 


Mean. 


180 

264 

124 

49 

;}6 

36 
89 
49 

61 

61 

61 

101 

785 


Total  in  acre- 
feet 


479 
530 
469 
289 
349 

62 
127 
103 

59  ' 

I 
82  I 

61  I 

94  I 
166  I 
998  I 


29,693 

32,588 

27,907 

17,770 

21,459 

3,689 

78,088 

6,129 

3,628 

5,042 
3,388 
5,780 
9,878 
61,365 


Run-off. 


Second- 
feet  per 
square 
mile. 


1.11 
1.18 
1.04 
.64 
.77 
.14 
.28 
.23 
.13 

.19 
.13 
.21 
.36 
2.22 


Depth  in 
inchefu 


1.24 
1.36 
1.16 
.74 
.89 
.16 
.32 
.26 
.15 

.22 
.13 
.24 
.40 
2.56 


Discharge  measurements  made  on  Los  JHnos  River  at  Igruicu). 

[Hydrographer,  A.  L.  Fellows.] 


Date. 


Gage 
height. 


Diflcharge. 


1899.                                                               !  j'YeL 

Apr.  22 '  3.20 

May  20 '  3.40 

June  25 2. 80 

N  o V.  25 !  2 .  60 


1900. 


Mar.  26 
May  8 . 
Aug.  14 


2.60 
3.50 
2.00 


437 
577 
244 
124 

137 

604 

25 


FLORIDA    KIVEK   AT  BTEWART's    RANCH,    NEAR   DURANGO. 

This  stream  is  a  tributary  of  Animas  River,  and  drains  the  country 
iraniediatel}'  west  of  that  drained  by  the  Los  Pinos.  Irrigation  is 
extensively  practiced  along  this  stream,  particularly  along  its  lower 
course,  and  the  supply,  being  insufficient,  is  exhausted  early  in  the  irri- 
gation season.     Owing  to  the  fact  that  there  are  large  tracts  of  land 
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along  the  stream  that  might  be  cultivated  if  there  were  enough  wat«r, 
a  project  has  been  considered  for  storing  water  in  the  upper  poition 
of  the  drainage  basin.  The  land  is  particularly  valuable,  being  located 
near  the  city  of  Durango  and  being  at  such  an  altitude  that  wheat  and 
other  grains  may  be  most  successfully  i-aised.  The  station  was  main- 
tained for  a  portion  only  of  one  summer,  with  a  view  to  ascertaining 
the  high-water  discharge.     The  data -thus  derived  are  given  in  full.*' 

Estimated  moiUhly  disctiarge.  of  Florida  River  at  Durango. 
[Dmina^e  area.  136  s^iuare  mileH.] 


Discharge  in  second-feet. 


Run-off. 


Month. 


•     Maxi- 
mum. 


Mini- 
mum. 


Mean. 


Total  in  acre- 
feel. 


Second- 
feet  per 
square 
mile. 


Depth  in 
inches. 


1890. 
May  21  to  31... 

Jtme 

My 


121 
211 


12 
6 


139 
68  i 
45  : 


8,547 
4,046 
2,767 


1.02 
.50 
.33 


1.1^ 
.56 
.3fi 


The  only  gaging^  nittde  in  the  year  189^  are  fl.s  given  below: 

iHscharge  meagturements  made  on  Florida  Rirer  at  Durango. 

[Hydragmpher,  A.  L.  Fellows.] 


Date. 


h?lX   ,I>l«-h.ffe. 


1899.  f\fft     I     .Sr,-A 

May  19 2.25  236 

June24 .70  9 


.ANIMAH   KIVBK    AT   DURANGO. 


This  stream  is  the  largest  tributary  of  the  San  Juan,  and  derives 
its  water  from  the  high  mountains  above  Silverton,  draining  portions 
of  the.  Needle  and  La  Pkta  mountains,  in  addition  to  the  area  .south 
of  Mount  Sneffels  and  Red  Mountain.  The  country  drained  by  thfc 
stream  and  its  tributanes  is  generally  very  mountainous  down  fo  a 
point  about  12  miles  al)ov«  the  cit}'^  of  Durango,  w^re  the  vi^lley 
broadens  out  to  such  an  extent  that  irrigation  is  exteiuivfih'  practiced. 
The  supply  of  water  is  prohatJy  more  than  adequate  to  meel  all 
demands  for  irrigation,  although  a  number  of  projects  ar^  being  con- 

a  For  more  detailed  data  coooemlii^  ttUsatalion  aee  Tenth  Biennial  Seport  of  the  State  fiimbieer 
of  ('olorado,  p.  340.    AIko  publicationM  U.  S.  QeokiKical  Sarvey:  Twenty-Ant  Aoaual  Report,  P|ut  IV. 
p.  3U0;  Water-Supply  and  Irrigation  Papen,  No.  88,  p.  311;  and  No.  89,  p.«S2.    Alw,  Report  on  A^cuJ 
ture  by  Irrigation,  Elevcntli  Ceiiaus,  by  F.  H.  Newell,  p.  116. 
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sidered  with  a  view  to  using  the  waters  of  this  river  and  of  its  tribu- 
taries for  the  development  of  power,  both  directly  and  through  the 
transmission  of  electricity.  An  important  project  has  also  been 
undertaken  for  the  construction  of  a  large  canal  using  the  water  of 
the  Animas  River  in  New  Mexico. 

The  station  is  located  at  the  wagon  bridge,  a  short  distance  west  of 
the  railroad  station  at  Durango.  In  1889  a  new  bridge  was  con- 
structed, rendering  the  new  station  much  more  satisfactory  than  the 
old  one  had  been.  The  stream  is  usually  gaged  from  the  wagon 
bridge,  but  may  at  very  low  water  be  gaged  by  wading.  The  channel 
is  of  bowlders,  and  is  fairly  stable,  although  occasional  changes  occur. 
The  banks  are  high  and  not  liable  to  overflow.** 

<i  For  more  detailed  information  concerning  this  station  see  Biennial  Reports  of  the  State  Eniri- 
neers  of  Colorado:  Eighth,  p.  510;  Ninth,  p.  392;  Tenth,  p.  S42.  Also  publications  U.  S.  Geological 
Sur\'ey:  Eighteenth  Annttal  Keport,  Part  IV,  p.  283;  Nineteenth,  Part  IV,  p.  414;  Twentieth,  Part  IV, 
p.  403;  Twenty-first,  Part  IV,  p.  301;  Bulletin  No.  140,  p.  198;  Water-Supply  and  Irrigation  Papers,  No. 
11.  p.  72;  No.  16,  p.  146;  No,  28,  pp.  139, 142,  and  145;  No.  38,  p.  310;  No.  39,  p.  462;  No.  50,  p.  383.  Also, 
Report  on  Agriculture  by  Irrigation,  Eleventh  Census,  by  F.  H.  Newell,  p.  116. 
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Maximum  and  minimtan  discharge  and  average  run-off  of  Animas  River  ai  Durangofor 

thai  portion  of  each  year  covered  by  records. 


Dischaige. 

Run-off.  a 

Year. 

Minimum. 

Maximum. 

Depth  in 
inches. 

Second' 
feet  per 

Date. 

Amount. 

Date. 

Amount. 

square 
mile. 

1895 

fAug.    12 
iDec.    15 
Aug.    26 
Aug.   27 
Nov.    19 
Apr.      6 
Feb.    17 

See.-Jt. 
\      208 

138 
325 

125 
138 
122 

Aug.    14 

Sept  24 
May    25 
June  23 
May    14 
May    28 

See.-fi. 
990 

^7,800 
5,870 
4,677 
3,240 
3,830 

3.82 

10.18 

22.61 

14.25 

9.09 

9.58 

0.48 

1896 

1.00 

1897 

1.66 

1898 

1.05 

1899 

.89 

1900 

.     .69 

oThe  run-off  given  is  the  amount  for  that  part  of  each  year  covered  by  the  records  and  the  depth 
in  inches  for  the  time.    Details  may  be  found  in  the  authorities  cited. 
f*  Approximate. 

Discharge  measurements  made  on  Animas  River  at  Durango. 


Date. 


Hydrographer. 


1895. 

June 

18 

lAog. 

29 

(Mi 

10 

Nov. 

24 

1896.      1 

May 

15 

June 

19 

July 

23 

Sept. 

25 

Oct. 

23 

189 

Apr. 

23 

May 

14 

June 

25 

July 

23 

Aug. 

27 

Sept. 

24  1 

Oct. 

22  1 

1898.      ' 

Apr. 

11  1 

May 

15 

June 

20 

Aug. 

5 

Aug. 

22 

Oct. 

22 

F.  Cogswell. 

do 

do 

do 


F.  Cogswell. 

do 

do 

do 

do 

F.  Cogswell. 

do 

do...\. 

do 

do 

do 

do 


A.  L.  Fellows  - 

do 

do 

G.  H.  MaUhes 
A.  L:  Fellows  - 
do 


Gage 
height. 

Dis- 
charge. 

lYet. 

See.-fi. 

6.50 

1,893 

5.80 

543 

5.40 

328 

5.20 

260 

6.35 

1,063 

5.80 

590 

5.50 

360 

7.40 

2,566 

5.50 

414 

7.75 

2,176 

9.20 

4,786 

7.85 

2,534 

6.10 

997 

5.10 

328 

6.05 

905 

6.50 

1,121 

6.50 

1,356 

7.25 

1,797 

8.55 

3,475 

5.20 

414 

5.07 

284 

4.70 

160 
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Discharge  meaaurements  made  an  Animas  River  at  Durango — Continaed. 


Date. 

1899. 
Apr.    21  '  A.  L.  Fellows 

Mav    19   do 

June  24  , do 

Sept.  28  I do 

Nov.    25  t do 


Hydrogrmpher. 


1900.      ! 
Mar.    26  !  A.  L.  Fellows. 

May      9  ' do 

June   25  ' do 

Aug.    13    do 


Gflce 

cliari^\ 

FbeL 

SfC.yi. 

7.50 

6!*^ 

9.45 

2,Kii 

8.10 

l,2.Vi 

6.52 

m 

6.50 

2ii: 

6.60 

24« 

8.65 

1,614 

8.80 

1, 74(1 

6.45 

m 

MANCOS  RIVER   AT    MANCOB. 


Mancos  River  rises  on  the  southwestern  slopes  of  the  La  Plata 
Mountains  and  flows  in  a  generally  southwesterly  direction,  emptying 
into  the  San  Juan  at  a  point  about  6  miles  east  of  the  southwest  corner 
of  the  State  of  Colorado,  or  the  Four  Corners.  The  upper  portion  of 
the  dminage  is  mountainous,  and  little  irrigation  is  possible  until  the 
valley  broadens  out  in  the  vicinity  of  the  town  of  Mancos,  where  ail 
of  the  ordinary  flow  of  th«  stream  L»  used.  Enough  water  goes  to 
waste,  however,  at  high  stages  to  irrigate  probably  all  of  the  avftihMe 
land  along  the  stream  if  it  coald  be  properly  stored.  For  the  het  40 
miles  of  its  course  the  stream  flows  through  the  Mesa  Verde  in  whatis 
known  as  the  Mancos  Cauvon^  this  lying  in  the  Southern  Ute  In<Uan 
Reservation.^  With  plenty  of  water,  considerable  land  might  be  irri- 
gated for  the  benefit  of  the  Indians  in  this  canyon,  but  under  existiiiif 
conditions  the  stream  is  dry  during  a  greater  part  of  the  sumn  r 
season,  and  hence  no  irrigation  is  possible. 

The  station  is  located  At  the  town  of  Mancos,  ^  short  distance  below 
a  wagon  bridge  near  the  center  of  the  town.  A  number  of  ditches 
take  their  supply  of  water  at  points  above  the  station  and  a  number  of 
others  are  located  below.  The  channel  is  not  gravel  and  is  somewhat 
shifting,  the  bed  changing  so  much  in  the  year  1900  that  no  rating 
table  was  possible  for  that  year.*  • 

oHayden'H  Report  of  1875. 

b  Far  moru  detailed  infommtioii  CMKieenrinfr  this  Htation  -see  Biennial  Iteports  of  the  State  Emri- 
neera  of  OokHwdo:  Ninth,  p.  3M;  Tenth,  p.  946.  Piiblieations  U.  S.  Ge<ttoefQal  Siirv^y:  TfpentiKb 
Annual  Report,  Part  IV,  p.  404;  Twenty-amt,  Part  IV,  p.2M;  Water^diiply  and  Irrigiktkin  ?»P<^n> 
No.  28,  pp.  137, 142, 144;  No.  38,  p.  3U;  No.  It9,  pt.  482,  and  No.  60,  p.  B84.  AImo  Report  c»  iV9fic*<il^*^^ 
by  Irrigation,  Eleventh  Cenmis,  by  F.  U.  NeweU,  p.  122. 
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Estimated  monthly  discharye  of  Mancos  River  at  Mancos, 
[Altitude,  6,960  feet;  drainage  area,  117  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi- 

mtiin. 


Mini- 
mum. 


1898. 

Man-h" 

Apr.  10  to  30 

May 

June 

Julv 

.\llglltJt 

September 
October^' 
Novemljer  '< 


Mart-h  " 

April 

Mav 

June 

July 

August 

Septemtier 

()ctol)er 

November  « 


Mean. 


50 
261 
206 
213 
104 
9 
7 

3 


90 
42 
74 

:«  I 

9  ' 

41  ! 
33  ' 
22  I 

5  I 


Run-off. 


Total  in  aere- 
feet. 


Second- 
feet  per  '  Depth  in 
square   '   inches. 
.  mile.     I 


I 


3, 074 

15, 531 

12,667 

12,674 

6,395 

553 

399 

m7 

179 
51,779 


5, 534 
2,499 
4,550 
1,964 

533 
2,521 
1.964 
1,353 

298 

19, 268 


0.43  I 
2.23  I 
1.76 
1.82  I 
.89  j 
.08  I 
.06 
.04 

,m 

.82 

0.77 
.:S6 
.63 
.28 
.08 
.35 
.28 
.19 
.(H 

.30 


0.49 

2.49 

2.03 

2.03 

1.02 

.09 

.07 

.04 

.03 

8.29 


0.  89 
.40 
.72 
.31 
.09 
.40 
.31 
.22 
.04 

3. 07 


<i  Approximate,  no  observations  being  made  during  these  periods. 


Discharge  weasarements  made  on  Mavcos  River  at  Mancos. 

[Hydnigrapher.  A.  L.  Fellows.] 


Date. 


heiX    !l>i«-'harge. 


1898.  ,  fWL 

Apr.  9 1       1.80 

May  14 ■. |      2.20 

June  18 : 2.00 


Oct.  18. 


.80  1 


102 

185 

159 

3 
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Discharge  mecumrements  made  on  Mancos  River  at  Mancoa. — Continued. 


Date. 

Gace 
height. 

DiKhAij^e. 

Apr.  19 

1899. 

FtrL 
1.65 
1.60 
1.10 
.90 
1.00 

1.05 
1.80 
1.70 
1.40 

7(1 

May  18 

« 

5(1 

June  23 v. 

.  -       -                                                                      _        _           _        _        

9 

Sept.  22 

2 

Nov.  24 . 

3 

Mar.  23 

1900. 

4 

May  7 

* 

82 

June  26 

16 

Aue.  12 

i 

2 

MLSC^BLLANBOUS    INVKSTIGATIONH. 


A  number  of  misoellaneous  gaging^  have  been  made  at  different 
points  in  this  divinlon,  and  are  given  in  the  table  l>elow.  Most  of  thci^e 
were  taken  during  an  investigation  looking  to  the  irrigation  of  lan(k 
belonging  to  the  Southern  Ute  Indians.  A  full  description  of  thk 
investigation,  with  a  statement  of  its  results,  may  be  found  in  the 
Twentieth  Annual  Report,  Part  IV,  pages  408-^34,  and  in  the  Twenty- 
first  Annual  Report,  Part  IV,  page  286  et  seq. 

No  seepage  measurements  have  been  made  upon  any  of  the  streams 
of  this  region,  but  it  is  likely  that  the  return  from  seepage  is  slight, 
as  the  stratification  is  such  as  to  make  any  great  returns  improbable. 

This  region  is  also  discussed  in  Hayden's  Report  for  1875. 

Afiscellaneowt  discharge  jneamirements  of  San  Juan  River  and  iributnries. 

[Hydrographer,  Gerard  H.  Matthcs.] 


Date. 


1898. 
Aug,  6 
Aug.  7 
Aug.  10 
Aug.  18 
Sept.  21 

1899. 
Sept.  13 
Oct.  140 


stream. 


Locality. 


DiKhanre. 


Loe  Pinos  River. 

do 

La  Plata  River . . 
San  Juan  River  . 
do 


Mancos  River 
do 


6  miles  above  Ignacio 
4  miles  below  Ignacio 

Hesperus 

Noland,  Utah 

do 


Head  of  canvon . . . 
In  Mancos  Canyon 


Sef.-Ji. 
246 
\% 
11 
609 
383 

3 

100 


aKHtimated  dischaiige  for  aeveral  hours  following  a  heavy  rain. 
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GRAND  RIVER  DIVISION. 
IRRIGATION. 

Grand  River  is  the  largest  stream  in  Colorado,  and  drains  the  great- 
est territory.  The  main  stream  rises  in  Middle  Park,  in  north-central 
Colorado,  and  drains  the  mountainous  country  on  the  west  side  of  the 
Front  Range  and  the  south  side  of  the  Continental  Divide  in  Middle 
Park-  The  Grand  River  and  all  of  its  tributaries  flow  through  moun- 
tainous regions  for  considerable  portions  of  their  courses,  and  then 
generally  enter  a  country  the  surface  of  which  is  usually  undulating, 
but  at  times  badly  broken  by  deep  canyons  and  i-avines,  the  bottoms 
of  these  canyons  being  sometimes  valleys  of  considerable  extent,  and 
again  naiTowing  to  mere  threads.  Along  these  canyons  and  valleys 
are  often  mesas  of  varied  breadths.  Upon  most  of  the  streams  of  this 
division  but  little  irrigation  has  been  practiced,  except  along  the  low- 
est valleys.  There  are,  however,  a  few  exceptions  to  this  rule,  the 
most  notable  ones  being  the  Uncompahgre  and  Dolores  rivers,  which 
will  be  described  more  fully  later.  Upon  some  of  the  streams — as, 
for  example,  the  San  Miguel — a  great  deal  of  water  is  used  for  the 
purpose  of  developing  power,  the  supply  upon  this  stream  being 
hardly  adequate  to  the  demands.  Considerable  power  is  developed 
upon  other  streams  of  this  region  also,  the  San  Miguel,  the  Lake 
Fork  of  the  Gunnison,  and  the  Dolores  being  examples.  Owing  to 
the  comparative!}^  small  amount  of  land  that  can  be  irrigated  along  the 
main  stream,  only  a  small  proportion  of  the  water  in  this  division  has 
been  used,  but  a  number  of  projects  are  under  consideration  with 
a  view  to  diverting  the  water  in  great  canals  to  the  fertile  mesas 
along  the  various  streams,  and  in  one  case — namely,  the  Gunnison 
River — of  taking  water  from  that  stream  through  the  Divide  for  the 
purpose  of  irrigating  lands  in  another  valley — the  Uncompahgre. 
Another  great  project  now  under  consideration  is  that  of  taking  the 
water  of  Grand  River,  by  means  of  a  very  large  carnal,  to  the  uplands 
of  the  western  part  of  Colorado  and  the  eastern  part  of  Utah. 

A  number  of  the  smaller  tributaries  of  the  Grand  and  its  branches 
furnish  a  supply  that  is  inadequate  for  the  demands  of  irrigation,  and 
storage  is  resorted  Jto  on  a  number  of  these  streams,  Surface  Creek 
and  Roan  Creek  being  examples.  The  crops  of  this  region  vary  with 
the  altitude,  only  hay  and  grain  being  raised  at  the  higher  elevations, 
while  fruits  of  an  almost  tropical  nature  may  ])e  raised  where  the  Grand 
crosses  the  State  line  into  Utah.  A  beet-sugar  factory  has  been  located 
at  Grand  Junction,  and  is  successfully  operated. 

Irrigation  division  No.  V,  the  Grand  River  division,  covers  the 
lands  irrigated  by  the  Grand  and  its  tributaries.  The  relations  exist- 
ing between  the  different  districts  of  this  division  are  not  so  close  as 
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18  UHually  the  ca^e  in  the  eastern  half  of  the  State.  Except  in  a  few 
caHCH  the  different  districts  are  not  interdependent,  so  that  the  water 
in  one  district  is  generally  used  without  much  reference  to  others,  this 
being  usually  due  to  the  fact  that  each  stream  flows  into  a  river  so 
large  (the  Grand)  that  its  supply  has  not  yet  been  exhausted.  This 
will  not  long  remain  the  case,  however,  and  eventually  the  interde- 
pendence of  the  different  districts  will  undoubtedly  be  almost  as  cloije 
as  it  is  upon  the  South  Platte. 

There  are  20  districts  in  this  division,  for  the  names  and  boundaries 
of  which  see  Biennial  Reports  of  the  State  Engineers  of  Colorado. 
For  map  see  PI.  I  of  this  paper,  p.  20. 

STKEAM   MEASUREMENTS. 

The  following  stations  hav^e  been  maintained  for  a  length  of  time 
sufficient  to  warrant  publication  of  the  records,  measurements  at  other 
stations  being  given  in  the  list  of  miscellaneous  mea,surements  for  this 
division.  These  stations  are  at  Glenwood  Springs  and  Grand  Junction, 
on  Grand  River;  lola  and  Gmnd  Junction,  on  Gunnison  River;  Fort 
Crawford  and  Montrose,  on  Uncompahgre  River;  Dolores,  on  Dolores 
River;  and  Fall  Creek,  on  San  Miguel  River.^ 

GRAND   RIVER   AT   GLENWOOD   8PRINGS. 

This  station  was  located  May  12,  1899,  at  the  request  of  the  Denver 
and  Rio  Grande  Railroad  Company,  at  the  railroad  bridge  one-quarter 
of  a  mile  west  of  the  depot  and  just  above  the  mouth  of  Roaring  Fork. 
A  wire  gage  was  used  at  this  point,  but  records  were  kept  up  during 
the  stage  of  high  water  only.  On  January  1,  1900,  a  new  gage  rod 
was  located  near  the  Glenwood  Springs  electric-light  plant.  Measure- 
ments are  made  from  the  wagon  bridge  acroas  the  river  near  the  rail- 
road station.  The  channel  is  good,  being  composed  of  gravel  and  of 
rock,  and  is  not  liable  to  great  change,  and  the  banks  are  high  and  not 
subject  to  overflow.  Gagings  arc  made  from  the  bridge.  The  station 
is  of  importance,  as  it  furnishes  a  good  idea  of  the  flow  of  Grand 
River  available  for  the  great  irrigation  projects  contemplated  below, 
measurements  being  made  of  Roaring  Fork  also  whenever  they  are 
made  at  the  Glenwood  station.* 

a  For  further  descriptions  of  this  division  see  Hayden's  Report  of  1875.  Aim  publications  T.  S. 
Geolojflcal  Survey:  Twelfth  Annual  Report,  Part  II,  p.  290;  Eighteenth,  Part  IV,  p.  260;  Nineteenth, 
Part  IV.  p.  360;  Twentieth,  Part  IV,  p.  373;  Twenty-first,  Part  IV,  p.  280;  Bulletins  No.  13,  p.  47:  No 
140,  p.  186.  and  Water-Supply  and  Irrigation  Papers.  Also  Report  on  Agriculture  by  Irrigation,  Elev- 
enth Census,  by  F.  H.  Newell.  For  agricnltural  statistics  see  Biennial  Reports  of  the  State  KngiDeers 
of  Colorado. 

&  For  more  specific  information  concerning  this  station  sec  Tenth  Biennial  Report  of  the  Sute 
Engineer  of  Colorado,  p.  350;  Water-Supply  and  Irrigation  Papers,  U.  S.  Geological  Survey,  No.  87,  p. 
293;  No.  50,  p.  875,  and  Report  on  Agriculture  by  Irrigation.  Eleventh  Census,  by  F.  H.  Newell, 
p.  li:i 
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EstimcUed  monthly  discharge  of  Grand  River  at  Glenwood  Springs. 
[Altitude,  5.743  feet:  draina|?e  area,  5,838  «|uare  miles.] 


Month. 


Discharge  in  wcond-feet. 


Run-off. 


Total  in  acre-   |  g^^^^^.  i 

Maxi-         Mini-  w  '^^''  I  feet  per  ,  Depth  in 

mum.         mum.         -i*^*"-  |  square  I    inches. 

'     mile. 


January ,        970 

February- 935 

March 1,460 

April 3,940 

May   22,895 

June 22,390 

July 1     7,270 

August 1     1, 460 

September i        870 

October '..i        755 

November 91^ 

December ,        840 


810 

810 

902 

1,  120 

3,245  I 

7, 622 

1,515 

935 

755 

755 

728 

570 


890 

883 

1,187 

1,818 

11,963 

14,817 

3, 121 

1,134 

800 

755 

805 

(>8] 


54,724 

49,a39 

72,896 

108, 178 

735, 577 

881,673 

191,JK)3 

69,  727 

47, 603 

46, 423 

47,901 

41,873 


0.15 
.15 
.20 
.31 
2.a5 
2.54 
.54 
.19 
.14 
.13 
.14 
.12 


The  year ,  22,  895  ,        570       3,  238         2,  :W7, 607 


56 


0.17 
.16 
.23 
.35 
2.36 
2.83 
.62 
.22 
.16 
.15 
.16 
.  14 

7.55 


Discharge  ftieamiremenis  uuide  (tn  Grand  Hirer  at  Glnm**nKi  S/rringa. 

[HydruKniphtT,  A.  L.  Fellow.s.] 


Date. 


heigllt.    tW««harKt'. 


1899.  Feet. 

May  12 i  6.05 

June  17 10.22 

November  17 2.75 

1900. 

March  19 3.80 

Julv  8 5.40 

m 

August  23 3.60 


ikc.-Jt. 

17,577 

29,187 

1,084 

1,140 
3,764 
1,086 


GRAND   RIVER    AT   GRAND   JUNCTION. 


This  station  was  established  October  18,  1894,  and  is  located  at  the 
State  wagon  bridge  across  Gmnd  River  near  the  pump  house  of  the 
city  waterworks  at  Grand  Junction,  a  short  distance  above  the  mouth 
of  Gunnison  River.  The  Grand  at  this  point  discharges  through  two 
channels,  and  a  separate  record  of  each  is  maintained,  requiring  sepa- 
i-ate  discharge  measurements.  During  the  last  four  years  by  far  the 
greater  part  of  the  water  has  run  through  the  left  channel;  during  the 
year  1900  there  was  a  flow  through  the  right  channel  for  but  a  short 
time.  Gage  rod  No.  1  is  attached  to  the  pier  on  the  right  bank  of  the 
river  on  the  lower  side;  gage  rod  No.  2  consists  of  a  wire  and  weight 
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fastened  to  the  upper  side  of  the  bridge  over  the  left  channel.  The 
channel  is  sandy  and  shifting,  and  the  discharge  must  therefore  be 
considered  as  approximate  only.  Owing  to  the  small  number  of  meas- 
urements made  and  to  the  changes  in  the  channel  it  has  been  found 
impracticable  to  construct  rating  tables  covering  the  entire  period^ 
so  that  the  discharge  for  1895,  1896,  and  1900  are  not  given.® 

Estimated  total  monthly  discharge  of  Crrand  River  at  Grand  Junction. 
[Altitude,  4.594  feet:  drainage  area,  8,&14  fiquare  miles.] 


Disclurge  in  second-feet. 


Month. 


Maxi- 
mum. 


1897. 

January 

February  

March 

April '  11,476 

May '  37,960 


June  .- 
July  .. 
August 


37,008 

15,006 

5,470 


Mini- 
mum. 


Mean. 


September i    2, 650 


October  .. 
November 
December 


The  year 


1898. 


January  . . 
February  . 

March 

April 

May 

June 

July 

August 

September. 
October  .., 
November . 
December  , 


2,350 
1,820 


1,280 
12,785 
15, 618 
3,400 
1,720 
1,640 
1,560 
1,455 


37,950 


The  year 


12, 642 
17,262 
7,611 
1,725 
1,143 
1,143 
1,337 


4,633 
8,279 
1,725 
949 
561 
561 
755 


'>1,000 

^•1,050 

&1,100 

3,723 

29,436 

25,350 

8,830 

3,000 

1,803 

1,813 

1,663 

ft  1,550 

6,693 


ft2,944 

'>2,985 

ft2, 113 

ft  4,  305 

7,130 

13, 702 

4,445 

1,127 

907 

915 

1,072 

1,011 


Total  in  acre- 
feet. 


^61,488 

^58, 314 

ft  67, 637 

221,534 

1,809,.  948 

1, 508, 429 

542,935 

184,463 

107,286 

111,478 

98,955 

ft95,306 


4, 867,  773 


ftl81,020 

ft 165,  777 

ftl29,924 

ft 256, 165 

438, 406 

815, 326 

273, 312 

69,297 

53,970 

56,261 

63,788 

62,164 


Run-off. 


Second- 
feet  per  '  Depth  in 


square 
mile. 


ft0.12 

ft.  12 

ft.  13 

.43 

3.41 

2.93 

1.02 

.35 

.21 

.21 

.19 

ft. 18 


inches. 


.78 


fro.  14 

*.I2 

ft.  15 

.4S 

3.93 

3.1>7 

1.18 

.40 

.23 

.24 

.21 

ft. 21 

10.56 


2, 565, 410 


ft.  34 

ft.  35 

ft.  24 

ft.  50 

.83 

1.69 

.51 

.13 

.11 

.11 

.12 

.17 

.42 


ft. 39 
ft. 36 
ft. 28 
ft. 56 

.94 
1.77 

.59 

.12 

.i:^ 

.14 

.20 


5.63 


17,262    3,555 

(I  For  more  detailed  information  concerning  thiK  station  see  Biennial  Reports  of  the  State  Enxinet^r^ 
of  Colorado:  Eighth,  p.  534;  Ninth,  p.  3%;  Tenth,  p.  352.  Also  puhllcations  U.  S.  Geological  Siirve> 
£ighteenth  Annual  Report,  Part  IV,  p.  260;  Nineteenth,  Part  IV,  p.  400;  Twentieth,  Part  IV.  p.  S"^ 
Twenty-first,  Part  IV,  p.  281;  Bulletins,  No.  131,  p.  48;  No.  140,  p.  187;  Water-Supply  and  Irrigatkio 
Papers  No.  11,  p.  67;  No.  16,  p.  137;  No.  28,  pp.  135, 142.  and  144;  No.  37,  p.  294;  No.  39,  p.  461;  No.  ao.  p. 
876.    Also  Report  on  Agriculture  by  Irrigation,  Eleventh  Census,  by  F.  H.  Newell,  p.  121. 

^Approximate* 
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EglimaUd  total  monthly  discharge  of  Grand  River  at  Grand  Junction — Continued. 


Month. 


1899. 


March 

April 

May 

June 

July 

August 

September. 


Discharge  in  scoond-feet 


Maxi-         Mini- 
mum.   I     mum. 


Mean. 


Total  in  acre- 
feet 


Run-off. 


Second-  , 

feet  per  I  Depth  in 

square  ,    inches, 
mile. 


1,799 

1 

110,616 

0.21 

0.24 

3,940 

234,446 

.46 

.52 

19, 375 

1,191,322 

2.24 

2.59 

31,306 

1,862,836 

3.62 

3.99 

14, 070 

865,130  ^ 

1.63 

1.88 

4,577 

281,429  j 

.53 

.21 

2,164 

128,886 

.25 

.68 

Discharge  meastirements  made  on  Grand  River  at  Grand  Junction, 

[Total  discharge  of  both  channelH.J 


Date. 


1894. 
Oct.      18 

1895. 
June   27 
Oct.       1 

1896. 
Aug.    20 
Sept.    20 
Oct.     17 
Nov.    10 


189: 

r.  • 

Apr. 

•20 

May 

19 

July 

29 

Sept. 

29 

Oct. 

28 

Nov. 

23 

1898. 

Apr. 

25 

May 

23 

June 

27 

Aug. 

27 

Oct. 

16 

Hydrographer. 


A.  P.  Davis 

A.  P.  Davis. 
do.... 


F.  Ckjgswell 

do  .... 

.....do  .... 
C.  C.  Babb . 


C.C.Babb... 
W.B.Dougall 
F.  Cogswell . . 

do 

do 

C.C.Babb... 


A.  L.  Fellows. 

do 

do 

do 

do 


Gage 
height. 

Dis- 
charge. , 

Feet. 

Sec.'ft 

2.10 

1,585 

1 

4.03 

16,500 

.82 

2,059 

3.00 

1,023 

3.90 

1,694 

3.60 

1,542 

3.35 

1 

1,497 

5.60 

5, 176 

1       10.20 

32, 686 

1        5.35 

4,044 

4.05 

2,062 

3.98 

1,764 

3.90 

1,423 

5.15 

4,802 

5.85 

6,087 

7.40 

11,215 

3.35 

1,237 

3.20 

949 
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JHscfiarge  rtwasuremenU  made  on  Grand  River  at  Grand  Jundion — Continued. 


Date. 

1899. 
Apr.  15 
May  13 
June  18 
Sept.  19 
Nov.    18 

1900. 
Mar.    20 
July      7 


Hydrographer. 


Gage 
height. 


chaige. 


A.  L.  Fellows, 

do 

do 

do 

do 


A.  L.  Fellows 
do 


Feet.  Sec.-fL 

4.  70  2, 946 

10.00       23,153 

11.55  ;a4O,O00 

4.20         1,989 


3.90 

4.15 
5.80 


I 


1,916 

1,762 
6,177 


a  Approximate. 


GUNNISON   RIVER   AT   lOLA. 


GunniHoii  River,  the  largest  tributary  of  the  Grand  in  Colorado, 
rises  in  the  south  centi*al  jmrtof  the  State,  in  the  Saguache  Mountains 
and  C!ochetopa  Hills,  and  flows  in  a  westerly  direction,  emptying  into 
the  Grand  near  the  western  boundary  of  the  State,  a  short  distance 
from  Grand  Junction.  Comparatively  little  of  the  water  is  yet  used 
for  irrigation,  but  a  canal  line  has  now  been  surveyed  with  a  view 
to  taking  the  water  from  Gunnison  River  and  carrying  it  to  the 
valley  of  the  Uncompahgre  for  the  purpose  of  irrigating  the  fertile 
plains  there.  It  was  for  the  purpose  of  determining  the  amount  of 
water  available  for  such  a  project  that  the  lola  station  was  located, 
although  several  important  tributaries  enter  the  Gunnison  between 
the  point  selected  at  lola  and  the  point  where  the  canal  would  prob- 
ably be  taken  out.  The  rod  is  placed- at  a  wagon  bridge  which  crosses 
the  Gunnison  about  one-quarter  of  a  mile  above  the  railroad  station 
of  the  Denver  and  Rio  Grande  Railroad  at  lola,  measurements  having 
been  made  and  records  kept  up  during  the  year  1900  only-  The 
channel  is  favorable  to  accuracy,  being  wide,  and  the  bed  being  of 
gravel  and  bowlders  and  not  particularly  liable  to  change.  The 
banks,  although  not  high,  are  not  subject  to  overflow.^ 

n  For  more  specific  information  concerning  this  Htatlon  see  Tenth  Biennial  Report  of  the  State 
Engineer  of  Colorado,  p.  357;  Water-Supply  and  Irrigation  Paper,  U.  S.  Qeologlcal  Survey.  Ko.  50.  p. 
378. 
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Egtimaied  monthly  discharge  of  Gunnison  River  at  lola. 
[Drainage  area,  2,298  aqiiare  miles.] 


Month. 


Discharge  in  ae<*ond-feet. 


Maxi- 
mum. 


April 1,258 

May ;  4,388 

June 4,265 

July ,  1,369 

August 450 

September 350 

October 250 


Mini- 
mum. 


551 
1,157 
1,460 
350 
350 
250 
250 


Mean. 


773 
2,875 
2,726 
727 
360 
260 
250 


Total  in  acre- 
feet. 


Run-off. 


Second- 
feet  per    Depth  In 
square   |    inches, 
mile. 


45,997 
176, 777 
162, 208 
44,701 
22,136 
15, 471 
15, 372 


0.34 

1.25  i 

1. 19  • 

.32  ' 

.16  1 

.11  I 

.11  i 


0.38 
1.44 
1.33 
.37 
.18 
.12 
.13 


Discharge  measurements  made  on  Gunnison  River  at  lola. 
[Hydrographer,  A.  L.  Fellows.] 


Date. 


1900. 
May3 

June  28 : 

July5 

August  9 

August  25 .' 


Qage 
height. 


3.00 
3.40 
2.90 
2.20 
2.10 


Dis- 
charge. 


Sec.'/t. 

1,272 

1,658 

1,169 

431 

392 


GUNNISON   RIVER  AT   GRAND  JUNCTION. 


This  station  was  located  on  July  3,  1895,  at  the  wagon  bridge  across 
the  Gunnison,  about  1  mile  from  its  junction  with  the  Grand,  and 
observations  were  made  until  December  21  of  that  year,  after  which 
none  were  made  until  1897.  The  station  was  never  satisfactory,  high 
water  from  Grand  River  setting  back  into  the  mouth  of  the  Gunnison, 
making  the  gage  readings  unreliable.  The  readings  were  discontinued, 
therefore,  after  the  fall  of  1899.  The  channel  was  uneven  and  some- 
what shifting,  some  very  large  bowlders  interfering  veiy  materially 
with  the  gagings.  The  banks  are  so  high  that  there  was  no  liability 
of  overflow.^ 


a  For  more  detailed  information  concerning  thin  Mtation  sac  Biennial  Reports  of  the  State  Engineers 
of  Colorado:  £ighth,  p.  644;  Ninth,  p.  401;  Tenth,  p.  3iW.  Also  publications  V.  S.  Geological  Survey: 
Nineteenth  Annual  Report,  Part  IV,  p.  404;  Twentieth,  Part  IV.  p.  390;  Twenty-first,  Part  IV,  p.  278; 
Bulletin  No.  140,  p.  189;  Water-Supply  and  Irrigation  Pai)er8:  No.  16,  p.  141;  No.  28,  pp.  136,  142,  and 
144;  No.  37,  p.  297;  No.  89,  p.  461. 
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EtAimated  monthly  discharge  of  Gunnison  Rvyer  at  Grand  Junction 
[Altitude,  4,594  feet;  drainage  area,  7,935  square  miles.] 


Month. 


1897. 


May 

June 

July 

August 

September. 
October  . . , 
November , 


1898. 


May 

June 

July 

August 

September. 
October  . . . 
November , 


Diftcharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


1899. 


April 

May 

June 

July 

August.... 
September. 


20,732  I 
19,116 
6,370  I 
1,850  I 
1,510  , 
2,020 
1,200 

8,996 
11,361 

3,965 
968 
578  - 
672  1 
672 

8,  792  ' 
16,  750 
16,  752  , 
8,430 
4,562 
1,000 


11,844 

5,370 

1,510 

160 

160 

1,060 

230 

3,965 
4,158 
1,076 
578 
399 
399 
314 

968 

3,902 

8,078 

2,246 

908 

758 


16, 921 

11, 161 

3,231 

975 

628 

1,472 

933 

5, 318 
8,850 
2,543 
689 
479 
533 
497 

3,550 

10,296 

12,380 

4,349 

1,921 

875 


Run-off. 


Total  in  acre- 
feet. 


Secoad- 
feet  per  I  Depth  is 
jtquare   i   inehz^. 
mile. 


1,040,438 
664,124 
198,668 
59,951 
37,369 
90,510 
55,517 

326,993 
526, 610 
156,364 
42,365 
28,502 
32, 773 
29,573 

211, 240 
633,080 
736,662 
267, 410 
118, 118 
52,066 


2.13 
1.41 
.41 
.12 
.09 
.19 
.12 

,67 
1.12 
.32 
.09 
.06 
.07 
.06 

.45 
1.30 
i:56 
.55 
.24 
.11 


2.46 

.47 

.14 

.  If* 

.  li 

1.25 
.»" 

.]'.' 
.07 

,<C 

l.V 

1.74 

.*> 

At 


Diacharge  meQsuremaits  made  on  Gunnmyii  River  at  Grand  Junction. 


Date. 


Hydrographer. 


1894. 

Oct. 

17 

1895. 

June 

28 

July 

17 

Oct. 

1 

189 

Apr. 

20 

May 

20 

July 

28 

Sept. 

28 

0(!t. 

"27 

Nov. 

23 

A.  P.  Davis 

A.  P.  Davis. 

do 

do 


C.  C.  Babb  . . . 
W.  B.  Dougall 
F.  Cogswell- -. 

do 

do 

C.  C.  Babb  . . . 


^^l,    1 

chaixv. 

1 

Sft.^n. 

1.25  ' 

:4> 

4.74 

4,i:> 

3.60 

2,«>i:? 

1.95 

7>1 

5.20 

5,97^^ 

7.30 

6,^ 

2.65 

1 

1,814 

2.40 

h2¥^ 

2.50 

1, 27M 

2.30  ' 

8*> 
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Discharge  measurements  made  on  Gunmson  River  at  Grand  Junction. — Continued. 


Date. 


1898. 
Apr.  26 
Mav  23 
June  28 
Aiig.  27 
Oct.     15 


lootf. 

Apr.  15 

May  13 

June  18 

Sept.  19 

Nov.  18 

1900. 
Mar.    20 
Julv      7 


Hydrngrapher. 


A.  L.  Fellows. 

do 

do 

do 

do 


A.  L.  Fellows. 

....do 

....do 

....do 

....do 


A.  L.  Fellows. 
do 


Gsge      \      Dis- 
hei^t.     '  charge. 


Feet. 
4.65 
4.50 
4.62 
1.80 
1.50 

3.50 
7.00 
7.15 
2.20 
2.00 

2.50 
2.90 


Scc.'/L 

5, 932 

4,647 

5, 274 

866 

578 


3,002 
14,  280 
12,769 

1,061 
968 

1,477 
2,121 


UN€X>MPAHGRB  KIVER   AT   FORT  CRAWFORD. 


Uncompahgre  River  rises  in  Ouray  County,  in  the  high  peaks  of 
southwestern  Colorado,  and  flows  northwesterly,  emptying  into  Gun- 
nison River  at  Delta.  The  upper  portion  of  its  drainage  basin  is 
mountainous,  but  farther  downstream  the  country  is  less  broken  and 
irrigation  is  possible  along  the  valleys  and  adjacent  mesas.  Water  is 
used  to  a  certain  extent  for  power  purposes  and  in  milling  along  the 
upper  course  of  the  stream.  In  the  vicinity  of  Montrose  a  number  of 
canals  divert  nearly  all  of  the  normal  flow  for  irrigation  purposes, 
and  recourse  must  be  had  to  storage  or  to  the  diversion  of  the  waters 
of  the  Gunnison,  already  mentioned,  for  further  irrigation  in  this 
district.  The  Fort  Crawford  station  is  located  at  a  wagon  bridge 
about  one-quarter  of  a  mile  east  of  the  railroad  station  at  Fort  Craw- 
ford, the  post-oflBce,  known  as  Uncompahgre,  being  about  8  miles 
above,  or  south  of,  Montrose.  The  channel  proved  unsatisfactory, 
consisting  of  gravel  bars  which  changed  radically  from  time  to  time, 
rendering  the  rating  tables  untrustworthy.  The  discharge  tables  are 
therefore  largely  approximate." 


a  For  further  details  concerning  thia  station,  see  Biennial  Reports  of  the  State  Engineers  of  Colo- 
rado: Fifth,  Parti,  pp.  19 and  41,  and  Part  II,  PI.  XIX;  Eighth,  p.  628;  Ninth,  p.  403;  Tenth,  p.  361. 
Also  publications  U.  8.  Geological  Survey:  Eighteenth  Annual  Report,  Part  IV,  p.  265;  Nineteenth, 
Part  IV,  p.  402;  Twentieth,  Part  IV,  p.  391;  Twenty-first,  Part  IV,  p.  279;  Bulletin  No.  140,  p.  188; 
Water-Supply  and  Irrigation  Papers,  No.  11,  p.  69;  No.  16,  p.  139;  No.  28,  pp.  136,  142,  and  144;  No.  37, 
p.  296;  No.  39,  p.  451.  Also  Report  on  Agriculture  by  Irrigation,  Eleventh  Census,  by  F.  H.  Newell, 
p.  122. 
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Majrimum  and  minimum  discharge  and  average  mn-off  of  Unrompahgre  River  at  Fart 

Crawford  for  thai  portion  of  each  year  covered  by  record*. 


Year. 


Discharge. 


Minimum. 


Date. 


1895 '  Nov.  6 

1896 Aug.  15 

1897 Sept.  1 

1898 Aug.  3 

1899 Sept.  10 


Amount. 


Ser.-/t. 


Maximum. 


Date. 


55  I  June  28 
10  '  May  27 
55  I  June  15 
15  June  24 
4     June   15 


Amount. 

Sec.-Jl. 
1,535 
3, 375 
1,467 
985 
1,163 


Run-off.  n 


I  Second- 
Depth  in  !  feet  per 
inches.     !  square 
I     mile. 


0.78 
.64 
.92 
,58 
.72 


0.70 
.58 
.83 
.52 
.65 


a  The  run-off  given  is  for  that  part  of  each  year  covered  by  the  obnervationH  and  for  a  thirty-day 
month,  at  the  rate  given  as  the  mean  second-feet  per  square  mile  for  the  period  covered. 

Discharge  meantrements  made  an  Ihicompahgre  River  at  Fort  Crawford. 


Date. 


1895. 
June   25 


Aug.    26    do 


F.  Cogswell. 


Oct. 
Nov. 


7 

18 


do 
do 


1896. 
May  11 
June 
July 
Aug. 
Sept. 
Oct. 


...  I 


15 
18 
21 
21 
18 


F.  Cogswell. 

do 

do 

do 

do 

do 


1897. 
Apr.  18 
May 
June 
July 
Aug. 
Sept. 
Oct. 


10 
21 
19 
23 
20 
18 


F.  Cogswell, 

do 

do 

do 

do 

do 

do 


1898. 
Apr.      5 
May      9 

June   15  1 do 

Aug.    12  ' do 


Hydrogr  pher. 


A.  L.  Fellows. 
do 


Gage 
eight. 

Dis- 
charge. 

Feet, 

Ste.-Jt. 

4.60 

834 

3.25 

218 

2.60 

89 

2.55 

92 

4.30 

568 

4.10 

560 

3.50 

204 

2.90 

31 

3.25 

122 

3.10 

95 

3.90 

487 

4. 55 

884 

5.a5 

1,081 

4.50 

473 

3.45 

70 

3.a5 

153 

4.00 

195 

3. 55 

91 

3.92 

203 

5.18 

720 

3.80 

74 
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Discharge  meagurements  made  mi  Vncirmpahgre  River  at  Fort  Crawford — ContM. 


Dato. 

Hydrpifrapher. 

G««e 
helghu 

Fed.. 
3.75 

4.50 
5.22 
5.18 
3.65 
3.70 

Dif>- 
charge. 

1898. 
Oct.     16 

A.  L.  Fellows 

Sec, -ft. 
56 

1899. 
Apr.    16 
Mav    15 

A.  L.  Fellows 

328 

do 

747 

June  19 

do 

773 

Sept.   21 
Nov.    20 

do 

69 

do 

79 

rNcx)MPAn(mK  river  at  montrohb. 


This  station  was  located  at  Montrose  in  the  fall  of  1899,  no  records 
being  kept,  however,  until  the  spring  of  1900.  There  is  but  little 
water  at  this  point  during  the  greater  part  of  the  year,  as  the  canals 
above  divert  most  of  the  flow.  The  station  is  located  at  a  bridge 
crossing  the  river  opposite  the  town  of  Montrose,  about  one-half  of  a 
mile  from  the  station  of  the  Denver  and  Rio  Grande  Railroad.  The 
channel  is  favorable  to  accuracy,  being  of  gravel  and  bowlders  and  not 
liable  to  change,  and  the  banks  are  high  and  not  subject  to  overflow. 
Records  were  kept  up  for  a  short  time  only,  as  there  was  but  little 
water  during  the  greater  part  of  the  irrigation  season  of  1900.® 


Efttimaied  morUhly  discharge  of  Uncompahgre  River  at  Montrose. 
[Altitude,  5,811  feet:  drainage  area,  f)G5  square  miles.] 


Month. 


1900. 


April  8-30 

May 

June 

July  1-7 . . 


DiHcharge  in  second-feet. 


Run-off. 


I 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


To»«liP,«'«>-    ■  Second-  I 

**^*-  feet  per    Depth  in 

f«quare       inches, 
mile. 


71 
369 
369 
158 


18 

51 

122 

68 


50 
177 
260 
127 


10,883 
15, 471 


0.31 
.46 


0.36 


52 


a  For  further  details  concerning  this  station,  see  Tenth  Biennial  Report  of  the  State  Engineer  <»f 
Colorado,  p.  863.    Also  Water-Supply  and  Irrigation  Paper,  U.  S.  Geological  Survey,  No.  60,  p.  379. 
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Discharge  measureinerUs  made  on  Uncompahgre  River  at  Montrose. 

[Hydrographer,  A.  L.  Fellows.] 


Date. 


iight. 


Gage 
hei^ 


1899. 


Feet 


Sept.  20 0.40 

Nov.  20 '        .45 


1900. 


July  5 . . 
Aug.  10. 


1.80 
.50 


Discharge. 


Sec.-/l. 


15 
15 

150 
2 


IK)LORE8  RIVER  AT  DOLORES. 


Dolores  River  is  an  important  tributary  of  Grand  River,  rising  in 
the  La  Plata  and  San  Miguel  Mountains,  of  which  the  highest  peitk, 
Mount  Wilson,  attains  an  elevation  of  over  14,000  feet.  Its  course  is 
southwesterly  for  about  50  miles,  where  it  turns  and  flows  in  an  almost 
due  northerly  direction  for  nearly  100  miles,  when  it  again  turns  west  and 
enters  Grand  River,  after  crossing  the  Colorado-Utah  line.  The  river 
flows  for  the  greater  part  of  its  course  through  deep  canyons,  and  com- 
paratively little  irrigation  is  practiced  along  the  stream  itself,  excepting 
in  the  vicinity  of  Dolores,  where  for  some  40  miles  the  valley  widens 
out  to  from  one-half  of  a  mile  to  one  mile,  and  a  considei*able  area  is 
cultivated.  In  the  Paradox  Valley  again  considerable  land  is  culti- 
vated, mostly,  however,  from  small  tributaries  running  into  the  main 
stream.  At  Rico  a  portion  of  the  water  is  used  for  the  development 
of  power.  By  far  the  greater  part  of  Dolores  River,  however,  is  used 
in  the  San  Juan  irrigation  division,  being  diverted  by  means  of  a  tun- 
nel and  a  great  cut  into  the  Montezuma  Valley.  The  head  gates  of  the 
canals  carrying  this  water  are  about  2  miles  west  of  the  present  town 
of  Dolores.  The  gaging  station  is  located  above  these  head  gates  and 
about  one-half  of  a  mile  above  the  Rio  Grande  Southern  Railroad  sta- 
tion at  Dolores.  The  channel  is  fairly  favorable  to  accurate  results, 
the  bed  being  of  small  stones  and  gravel,  and  the  banks  being  high 
and  not  liable  to  overflow." 

a  For  further  details  concerning  this  station,  see  Biennial  Reports  of  the  State  Engineers  of  Colorado: 
Eighth,  p.  516;  Ninth,  p.  405;  Tenth,  p.  364.  Also  publications  U.  S.  Geological  Survey:  Eighteenth 
Annual  Report,  Part  IV,  p.  261;  Nineteenth,  Part  IV,  p,  407;  Twentieth,  Part  IV,  pp.  812  and  406; 
Twenty  first.  Part  IV,  p.  282;  Bulletin  No.  140,  p.  191;  Water-Supply  and  Irrigation  Papers:  No.  11,  p. 
68;  No.  16,  p.  143;  No.  28,  pp.  138, 142,  and  144;  No.  38,  p.  305;  No.  39,  p.  451:  No.  50,  p.  880.  Also  Report 
on  Agriculture  by  Irrigation,  Eleventh  Census,  by  F.  H.  Newell,  p.  122. 
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Maximum  ana  minimum  discharge  and  average  run-off  of  Dolores  River  at  Dolore»  for 

thai  portion  of  each  year  covered  by  records. 


Year. 


1805 
1896 
1897 
1898 
1899 
1900 


Discharge. 


Minimum. 


I 


Date. 


Nov.  8 

Aug.  16 

Aug.  31 

Sept.  25 

Sept.  5 

Aug.  26 


Amount. 


Sec-ft. 
42 
8 

76 
34 
23 
20 


Maximum. 
Date.  Amount. 


Run-off.  a 


Depth  in 
inches. 


June 

27 

Apr. 

26 

Apr. 

18 

June 

2 

May 

14 

May 

19 

Sec.-fL 
848 
1,578 
2,944 
2,030 
1,461 
1,731 


0.78 

.69 

1.82 

1.22 

^61 

.73 


Second- 
feet  per 
square 
mile. 


0.70 

.62 

1.63 

1.09 

.55 

.66 


n  The  run-off  g^lven  is  the  total  acre-feet  for  the  eight  months  of  each  year,  the  average  socond-feet 
j>er  sfjuarc  mile,  and  the  depth  in  inches  for  thirty  days  at  the  average  rate. 

J)i,Hcharge  meajturementJf  made  on  Dolores  Hirer  at  Ihlore,^, 


Date. 


Hydrogmpher. 


1895, 
June   22  '  F.Cogswell 

Aug.    28  ' do 

Oct.       9  I do 

Nov.    20  I do 


1896. 


Mav 

13 

May 

14 

June 

17 

July 

21 

Aug. 

24 

Sept. 

23 

Sept. 

24 

Oct. 

1 

189 

7. 

Apr. 

21 

May 

12 

June 

23 

July 

21 

Aug. 

25 

Sept. 

22 

Oct. 

20 

F.  Cogswell 
....do  .... 
....do  .... 
....do  .... 
....do  .... 
....do  .... 

do 

....do  .... 


1898. 
Apr.      8 
May    12 
June   17 


F.  Cogswell 

....do 

do 

do 

....do 

....do  .... 
....do 


A.  L.  Fellows 

do 

....do 


Gage 
height. 


/VW. 
3.50 
2.70 
2.50 
2.40 

3.50 
3.50 
3.00 
2.80 
2.60 
4.80 
4.15 
2.75 

5.10 
5.15 
4.20 
3.00 
3. 65 
3.32 
3.35 

3.15 
4.30 
4.80 


Dis- 
charge. 


Hev.-fL 

756 

163 

89 

75 

553 

586 

179 

124 

42 

1,550 

1,047 

76 

2,133 

2,216 

1,089 

273 

92 

404 

330 

325 
1,163 
1,870 
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Date. 


Discharge  meagurements  made  on  Dolores  River  at  DoLorea — Continued. 


Hydrographer. 


I  — 


1898. 
Aug.    16 
Sept.   11 
Sept.   28 
Oct.     21 

1899. 
Apr.    20 
May    17 
June   27 
Nov.    22 

1900. 
Mar.    24 
May     5 
June  27 
Aug.    11 


G.  II.  Matthes 

do  .7:.T:. 

do 

A.  L.  Fellows. 


A.  L.  Fellows 

do 

do 

do 


A.  L.  Fellow^s 

do 

do 

do 


3.60 
4.15 
3.30 
2.70 

2.90 
3.90 
3.25 
2.60 


charge. 


See,-Jl 

102 

72 

46 

40 

613 

963 

307 

56 

145 

767 

320 

31 


BAN   MIGUEL   RIVER  AT  FALL  GREEK. 

This  stream,  an  important  tributary  of  the  Dolores,  rises  in  San 
Miguel  County  and  drains  an  area  immediately  west  of  the  headwaters 
of  Uncompahgre  River.  The  stream  and  its  tributaries  run  for  the 
most  part  in  a  northeasterly  direction,  and  it  enters  the  Dolores  in 
the  western  part  of  Montrose  County.  A  comparatively  small  amount 
of  water  has  thus  far  been  used  for  irrigation,  but  plans  are  now 
being  developed  having  reference  to  the  use  of  the  water  on  a  consid- 
erable scale  in  the  western  part  of  San  Miguel  County.  The  station 
is  located  at  a  wagon  bridge  near  the  railway  station  at  Fall  Creek. 
The  channel  is  fairly  stable  and  the  banks  are  not  liable  to  overflow. 
The  station  was  discontinued  in  the  fall  of  1899.^ 

a  For  further  information  concerning  this  station  see  Biennial  Reports  of  the  State  finj^ineeis  of 
Colorado:  Eighth,  p.  522;  Ninth,  p.  407;  Tenth,  p.  368.  Also  publications  U.  S.  Geological  Sarrey. 
Annual  Reports,  Eighteenth,  Part  IV,  p.  284;  Nineteenth,  Part  IV,  p.  406;  Twentieth,  Part  FV,  p. »; 
Twenty-first,  Part  IV,  p.  283;  Bulletin  No.  140,  p.  198;  Water-Supply  and  Irrigation  Papers,  No.  11,  p. 
68;  No.  16,  p.  142;  No.  28,  pp.  137, 142.  and  144;  No.  38,  p.  306;  No.  80,  p.  451.  Also  report  on  Agriculture 
by  Irrigation,  Eleventh  Census,  by  F.  H.  Newell,  p.  131. 


A      GAGING  STATIC 


B.    GAGING  STATION  0 
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MujruniuH  and  mitiimmu  dMiarge  and  average  run-off  of  San  Miguel  River  at  FaU  Crtfd 

for  that  jyortion  of  each  yenr  covered  by  records. 


Year. 


1895. 
1896. 
1897. 
1898. 
1899. 


I)i.« 
um. 
Amount. 

irharKc. 

Run-( 

Depth  in 
inches. 



)ff.a 

Minim 

Majcimum. 

Second- 
feet  per 

Date. 

Date. 

t 

Amount. 

squHre 
mile. 

Sec 

^-ft. 

Sec.-Jl. 

Dec.     24 

6 

June  29 

587 

0.87 

0.78 

Nov.      7 

22 

May    27 

2,404  1 

.82 

.74 

Apr.      4 

52 

June   16 

997 

1.08 

.97 

Nov.    21 

22 

June  23  , 

1,335 

.84 

.76 

Apr.      2 

25 

June   11  i 

1,000 

1 

.75 

.68 

_  _ 

_ 

rtTht*  run-off  is  for  the  avoreife  of  Hocoml-feet  per  .nquare  mile,  and  the  depth  in  inches  for  thirty 
day.M  nt  the  avenMCe  rate. 

Dinrhirge.  nwannreineni^  nuvU  on  San  Miguel  River  <d  FaU  Ore^k. 


Date. 

Hydrof^rapher. 

heighu 

4.00 
3.20 
2.65 

3.75 
3.45 
3.15 
2.60 
2.75 
2.60 

3.40 
4.05 
4.45 
3.45 
2.85 
3.30 
3.05 

2.50 
3.30 
4.40 
2.80 
2.30 

Dis- 
rharge. 

1895. 
June   24 

K.  ( 'ogHwell 

Sk.-JI 
512 

Aug.    27 

do 

205 

Oct.       8 

do 

81 

1896. 
May    12 
Juno    16 

F.  C'ogswell 

360 

do 

290 

July    20 

do 

170 

Aug.    23 
Sept.   22 

do 

62 

do 

85 

Oct.     20 

do 

63 

1897. 
Apr.    20 
May    11 
June   22 

F.  ('ogswell - 

m 

do 

572 

do 

811 

July    20 
Aug.    24 
Sept.   21 
Oct.     19 

do 

336 

do 

14.1 

do 

248 

do 

197 

1898. 
Apr.      7 
May    11 
June   16 

A .  L.  Fellows 

66 

.  ...do 

270 

do 

841 

Aug.    13 
Oct.     17 

do 

133 

do 

30 
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Discharge  meafuremenU  made  on  San  Migu-el  River  at  Fall  Creek — Continued. 


Date. 

Hydrographer. 

Gage 
height. 

Dis- 
charge. 

1899. 
Apr.    18 
May    16 
June   21 

A.  L.  Fellows 

do 

Fed. 
2.85 
3.70 
3.60 
2.35 

Sec.'Jt. 
562 

do 

449 

Nov.    21 

do 

52 

MISCELLANEOUS   MEASUREMENTS. 


But  few  measurements  are  on  record  for  this  division,  the  danger 
of  shortage  having  been  only  recently  felt.  Many  measurements  have 
undoubtedly  been  made,  mostly  for  the  puipose  of  ascertaining  the 
flow  with  reference  to  development  of  power,  but  these  are  not,  as  a 
rule,  available.  Further  investigations  are  needed  in  this  division,  as 
the  supply  of  water  will  become  of  great  moment  before  many  years 
have  elapsed.  The  following  are,  however,  on  record.  Other  meas- 
urements may  also  be  found  on  page  108  et  seq.  of  the  Ninth  Biennial 
Report  of  the  State  Engineer: 

Stream  meagim'rnents  in  Grand  River  dit^ision. 


Date. 


Hydrographer. 


1895.      j 
Oct.     22     D.  R.  Crosby . 

i 

1899.      I 
Apr.    19  I  A.  L.  Fellows 

May    16  1 do 

June   17  I do 


stream. 


Locality. 


Grand  River Palisade 


Dolores ,  Rico 

Fall  Creek Falls  Creek 

Roaring  Fork Glen  wood  . 

June   21  I do Fall  Creek Fall  Creek. 


Dis- 
charge. 


Sept.  22 
Nov.  17 
Nov.    22 

1900. 
July      8 
Aug.    23 


.do '  Dolores 

.do Roaring  Fork 

.do i  Dolores 


Rico 

Glen  wood 
Rico 


A.  L.  Fellows 
do 


Roaring  Fork i  Glen  wood 

do do  ... 


Sec.-Jt. 
2,767 

168 

62 

11,258 

45 

23 

457 
16 


1,  570 
423 


IBR  74—02- 
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GREEN  RIVER  DIVISION. 
DRAINAGE   AND  IRRIGATION. 

Green  River  and  its  tributaries  drain  the  northwestern  corner  of 
Colorado.  The  Green  itself  traverses  Colorado  for  only  a  verj'  short 
distance,  and  during  its  course  it  runs  through  a  deep  canyon,  so  that 
but  little  irrigation  is  practiced  along  its  borders,  this  being  on  the 
bottom  lands.  It  is  possible,  however,  that  a  tract  of  land  of  consid- 
erable size  may  eventually  be  irrigated  from  this  stream,  in  the 
extreme  northwestern  corner  of  the  State.  The  principal  tributaries 
of  the  Green  in  Colorado  are  Yampa  and  White  rivers.  These  drain 
areas  of  considerable  size  and  importance,  in  which  there  are  vast 
tracts  of  irrigable  land  that  will  undoubtedly  be  eventually  cultivated 
so  far  as  the  water  supply  will  permit.  These  streams  resemble  the 
tributaries  of  Grand  River  in  general,  excepting  that  the}'  traverse  a 
country  that  is  more  open  and  rolling.  Not  much  in'igation  i.s  now 
practiced  except  along  lands  immediately  adjoining  the  stream,  but  a 
number  of  j)lans  have  been  projected  for  taking  the  water  on  to  the 
uplands,  which  will  no  doubt  be  eventually  carried  out.  No  j^erma- 
nent  stations  have  been  maintained  anywhere  in  this  division,  so  that 
all  measurements  on  record  are  compiled  in  the  following  list  of  mis- 
cellaneous gagings.  Problems  relating  to  the  use  of  water  are,  how- 
ever, becoming  of  great  moment  in  this  part  of  the  State,  and  it  is 
important  that  stations  should  be  established  at  as  early  a  date  as 
possible,  at  least  upon  the  main  streams. 

The  (Jreen  River  irrigation  division,  as  a  political  subdivision,  com- 
prises all  lands  in  Colorado  drained  by  Green  River  and  its  tributaries. 
The  water  districts  of  which  it  is  composed  are  Nos.  48,  44,  54,  55,  56, 
57,  and  58.  No.  43  consists  of  the  lands  irrigated  by  ditches  taken 
from  White  River  and  its  tributaries;  No.  44  of  lands  irrigated  b\' 
water  taken  from  that  portion  of  Yampa  River  above  the  mouth  of 
Little  Snake  River  and  below  the  mouth  of  Fortification  Creek,  and 
from  the  tributaries  to  that  portion  of  Yampa  River;  No.  54  of  all 
lands  lying  in  the  State  of  Colorado  irrigated  by  water  taken  from 
that  portion  of  Little  Snake  River  and  its  tributaries  above  the  most 
westerly  intersection  of  said  river  with  the  Colorado  State  line;  No. 
55  of  all  lands  irrigated  ])y  water  from  the  Yampa  or  Little  Snake 
rivers  and  their  tributaries  below  districts  Nos.  44  and  55;  No.  56  of 
Green  River  and  tributaries  in  Colorado,  except  Yampa  River;  No.  57 
of  Yampa  River  and  tributaries  betw^een  the  mouth  of  Fortification 
Creek  and  Elk  River;  and  No.  58  of  Yampa  River  and  tributaries 
above  No.  57.  But  little  attention  has  thus  far  been  paid  to  the 
priorities  of  water  rights  in  these  districts." 

flFor  further  data  coneerninK  this  division,  see  publications  r.  S.  Geological  Survey:  Ninth  Annual 
ReiK)rt.  p.  677;  Eighteenth,  Part  IV,  p.  2(W;  Nineteenth,  Part  IV,  p.  394;  Twentieth,  Part  IV,  p.  SiiO; 
Eleventh  Census  Irrigation  Report  by  F.  H.  Newell  and  Bulletin  No.  140,  p.  200.  Also  Biennial 
Re|>ort»  of  the  Stiite  Engineer  of  Colorado,  Ninth,  p.  409;  and  all  biennial  reports  for  commi^sionerH' 

reports. 
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MISCELLANEOUS  OAGINGS. 


In  the  following  table  are  given  the  results  of  gagings  made  in  May, 
1895,  and  September,  1898,  on  certain  specified  streams  in  the  Green 
River  irrigation  division: 

MisceUmieotm  gagings  made  in  the  Green  River  irrigation  division. 


Date. 


Hydrographer. 


1S95. 
May    16     H.  A.  Sumner 


Stream. 


White  River. 


White  River. 


1898. 

Sept.   14  A.  L.  Fellows... 

Sept.   15    do I  Williams  River 

Sept.   17    do Yampa  River . . 


Locality. 


White  River 


Do. 
Sept.  18 
Sept. 
Sept. 
Se{)t. 
Sept. 
Sept. 
Sept. 


19 
20 
21 
22 
24 
26 


do Elk  River... 

.do Yamjm  River 

.do Snake  River  . 

.do Slater  Fork . . 

.do Snake  River  . 

do Yampa  River 

.do Green  River  . 

.do Yamj)a  River 


Meeker 

Hamilton 

3  miles  below  Hayden 

Trull 

Steamboat  Spring 

Honnold 

Slater 

Dixon,  Wyo 

Below  May  bell 

I^dore 

Craig 


Di». 
charge. 


3,047 

300 
25 

111 
63 
65 
17 
9 
19 
99 

552 
79 


INDEX. 


Page. 
Alamoea,  Rio  Grande  at.  discharge  of  —     109 
Amity  canal,  dam  and  head  gate  of,  views 

of 94 

Animas  River,  discharge  of 120-124 

Antlers,  rainfall  at  ^ 16 

Antonito,  San  Antonio  River  at,  discharge 

of — .      109 

Arboles,  gaging  stations  at,  views  of Hit 

Piedra  River  at,  discharge  of 115-118 

San  Juan  River  at,  discharge  of  —  112-115 

Arikaree  Creek,  dischai^e  of 69 

Arkansas  River,  discharge  of 76-98, 99 

seepage  measurements  on 100 

views  of 80,84 

Arkansas  River  division,  irrigation  in . . .  70-72 

stream  measurements  in 72-lCO 

Arkins,   Big  Thompson   Creek  at,  dis- 
charge of 52-55 

Bear  Creek,  discharge  of 98-40,63,64 

Benkelman,  Nebr.,  Republican  River  at, 

dischargeof 68 

Big  Thompson  Creek,  discharge  of.  62-55,63,64 

Home  Supply  dam  on,  plate  showing.       40 
Boulder,  Boulder  Creek  at,  discharge  of.  46-49 

Boulder  Creek,  dischargeof 46-49 

Boxelder,  rainfall  at 16 

Breckenridge,  rainfall  at 16 

Brighton,   South  Platte  River  at,  dis- 
charge of  63,64 

Byron,  Arkansas  River  at,  discharge  of . .       99 

Cache  la  Poudre  River,  discharge  of 55- 

60,68,64 

Canyon,  Arkansas  River  at,  discharge  of.  80-83 

Arkansas  River  at,  view  of 80 

rainfall  at 16 

Cai'penter,  L.  G.,  reference  to 55 

Castlerock,  rainfall  at 15 

Castlewood  dam,  plate  showing 28 

Cedar  Edge,  rainfall  at 16 

Cenicero,  Rio  Grande  at,  discharge  of. .  107-108 
Cheesman  Lake,  dam  at,  plate  showing . .       24 

South  Platte  River  at,  discharge  of . .  23-24 

Cheyenne  Wells,  rainfall  at 16 

Chief  Creek,  dischargeof 69 

Clear  Creek,  discharge  of 40-42,63,64 

view  in  canyon  of,  plate  showing 40 

Clear  View,  rainfall  at 16 

Colorado  Springs,  rainfall  at 16 

Conejos  River,  discharge  of 106-107, 109 

seepage  measurements  on 110 

Cope,  rainfall  at 16 

Crai^Tf  Tampa  River  near,  discharge  of . .      147 


Page. 
Crook,  South  Platte  River  at,  discharge 

of 63,64 

Deansbury,  South  Platte  River  at,  dis- 
chargeof  26-28 

Del  Norte,  Rio  Grande  at,  discharge  of.  103-106 

view  of 102 

Delta,  rainfall  at 16 

Denver,  rainfall  at 15 

South  Platte  River  at,  discharge  of  . .      29- 

82,63,64 
Dizon,  Wyo.,  Snake  River  at,  discharge 

of 147 

Dolores,   Dolores    River   at,    discharge 

of 139-142 

gaging  station  at,  view  of 142 

Dolores  River,  discharge  of 139-142, 145 

gaging  station  on,  view  of 142 

Dumont,  rainfall  at 15 

Durango,  Animas  River  near,  discharge 

of 120-124 

Florida  River  near,  discharge  of . . . .  119-120 

rainfall  at 16 

Elk  River,  dischargeof 147 

Evans,  South  Platte  River  at,  discharge 

of 63,64 

PaU  Creek,  gagi  g  station  at,  view  of 142 

San  Miguel  River  at,  discharge  of. .  142-145 

Florida  River,  discharge  of 119-120 

Forkscreek,  Clear   Creek  at,  discharge 

of 40-42 

view  near j^       40 

Fort  Collins,  Cache  la  Puudre  River  at, 

dischargeof 5V5& 

rainfall  at 15 

Fort  Crawford,  Uncompahgre  River  at, 

dischargeof 135-138 

Fort  Morgan,  South  Platte  River  at,  dis- 
charge of  63,64 

Fox,  rainfall  at 16 

Frenchman  River,  discharge  of 67-68, 69 

G.S.ranch,  rainfallat 16 

Gaging  stations,  map  showing 20 

Gleneyre,  rainfallat 1ft 

Glenwood  Springs,  Grand  River  at,  dls- 

chargeof 128-129 

Roaring  Fork  at,  d  scharge  of 145 

Gtolden,  Clenr  Creek  at,  discharge  of 41 

Grand   Junction,  Grand   River  at,  dis- 

chargeof 12»-132 

Grand  River  at,  view  of 124 

Gunnison  River  at,  discharge  of 133-135 

rainfall  at 16 

149 


150 


INDEX. 


Paee. 

Grand  River,  dL««oliarge  of 128-132, 145 

view  of 124 

Grand  River  diviiiion,  irrigation  in 127-128 

stream  me-surements  in 128-147 

Granite.  Arkant«as  River  at.  discharge  of.  76-77 
Great    Plains  Water    Company,  irriga- 
tion system  of,  diagram  show- 
ing         74 

Greeley,  rainfall  at 15 

skyline  canal  near,  plate  showing 58 

Green  River,  discharge  of 147 

Green  River  division,  drainage  and  irri- 
gation in 148 

stream  meanurements  in 147 

Ganniaon  River,  discharge  of 182-135 

Hamilton.  Williams  River  at,  discharge 

of 147 

Hamps,  rainfall  at 15 

Harrison,  C.L., aid  by 25) 

Hayden,  Arkansas  River  at.  discharge  of.       99 
Hayden,  Yamjxa  River  near,  discharge  of.      147 
Yampa  River  Valley  near,  view  t>f . . .      14fi 
He.Hijerus,  La  Plata  River  near,  discharge 

of 128 

Hoehne,  i-ainfall  at 16 

Home  Supply  dam,  view  of 40 

Honnold,  Snake  River  at,  discharge  of. . .  147 
Ignacio,  LosPinos  Riverat,  discharge  of  118-119 
lola,  Gunnison  River  at,  discharge  of. .  132-133 

Irrigation  divisions,  map  showing 2() 

IiTigation  system,  divisions  of 2<) 

Julesburg,  South   Platte   River  at,  dis- 
charge of 96,63,64 

Kansas   River   Basin,  stream   measure- 
ments in 67-70 

Kicking  Bird  canal,  view  of 72 

La  Junta,  Arkansas  River  at,  discharge  of       90 

La  Plata  River,  discharge  of 126 

Ladore,  Green  River  near,  dis(.'harge  of. .      147 

Lake  Creek,  disc^harge  of 73-75 
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LETTER  OF  TRANSMITTAL. 


Dbpabucent  of  the  Interior, 
United  States  Geological  Survey, 

Division  op  Hydrography, 
Washington^  D.  C,  Jv/ne  SO,  1902. 

Sir:  I  have  the  honor  to  transmit  herewith  a  mannscript  for  a  paper 
descriptive  of  the  results  of  hydrographic  surveys  made  during  the 
calendar  year  1901.  This  paper  may  be  considered  as  being  the  third 
and  last  i>art  of  the  Annual  Report  of  the  Division  of  Hydrography 
for  1901,  Parts  I  and  II  having  been  printed  as  Water-Supply  Papers 
Nos.  65  and  66,  giving  the  gage  heights  and  measurements  at  various 
river  stations  maintained  during  1901.  This  form  of  publication  has 
resulted  from  the  limitations  formerly  imposed  bylaw  and  through 
the  ox)eration  of  recent  changes  which  have  been  made.  At  the  time 
that  Paper  No.  65  was  put  in  type  it  was  proposed  to  print  the  manu- 
script herewith  presented  as  Part  IV  of  the  Twenty-third  Annual 
Report.  By  act  of  May,  1902,  the  report  of  the  Director  was  limited 
to  one  volume,  and  the  restriction  of  Water-Supply  Papers  to  100 
pages  was  removed.  As  a  result,  the  material  which  otherwise  would 
have  appeared  as  one  of  the  volumes  of  the  Director's  report  is  now 
presented  for  publication  in  the  Water-Supply  and  Irrigation  series. 

This  paper  presents  briefly  the  results  of  computations  of  river 
flow,  the  data  for  them  having  been  presented  in  Water-Supply 
Papers  Nos.  65  and  66.  This  separation  of  the  original  observations 
of  gage  height  and  river  measurement  was  brought  about  by  the  fact 
that  since  1895  it  has  been  found  desirable  to  print  as  soon  as  possible 
after  the  conclusion  of  each  calendar  year  the  tables  of  gage  heights 
and  related  facts,  reserving  for  the  annual  report  of  the  Director  the 
conclusions  resulting  from  computations  and  the  diagrams  of  dis- 
charge, together  with  maps  and  other  illustrations.  This  plan  is 
carried  out  for  1901,  with  the  exception  of  the  modification  noted  in 
the  first  paragraph.  It  is  proposed,  however,  in  the  future  to  com- 
bine and  publish  together  the  original  observations  and  results  for 
each  locality. 

Very  respectfully, 

F.  H.  Newell, 

Hydrographer  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 


PROGRESS  REPORT  OF  STREAM  MEASURE- 
MENTS FOR  THE  CALENDAR  YEAR  1901. 


By  F.  H.  Newbll. 


GB:N1CBAi:i  STATEMENT. 

The  determinations  of  the  water  supply  of  various  parts  of  the 
United  States  have  been  continued  during  the  year  1901  by  the 
Division  of  Hydrography  in  a  manner  similar  to  that  of  previous 
years,  slight  modifications  and  improvements  having  been  introduced 
in  methods  and  operations.  The  work  consists  in  measuring  the 
streams  and  estimating  the  water  supply,  both  above  and  under 
ground.  To  give  full  facts  concerning  the  water  supply  it  is  neces- 
sary not  merely  to  ascertain  the  quantity,  but  also  in  many  cases  the 
quality,  and  especially  the  possibilities  of  water  storage  or  conserva- 
tion. Water  can  not  be  considered  as  a  resource  unless  it  can  be  had 
when  needed,  and  therefore  the  determination  of  the  practicability  of 
holding  the  floods  until  time  of  drought  underlies  any  statement  of 
water  supply.  In  a  similar  way  when  considering  underground  waters 
it  is  not  enough  to  know  that  there  is  water  beneath  the  surface,  but 
the  facts  must  be  ascertained  as  to  the  depth  to  the  water,  the  rate 
of  movement,  if  any,  and  the  possibility  of  bringing  the  water  to  the 
surface  at  reasonable  cost. 

The  principal  operation  of  the  hydrographic  surveys,  as  at  present 
conducted,  is  that  of  measuring  the  waters  flowing  upon  the  surface, 
obtaining  their  fluctuations  in  quantity,  and  sometimes  in  quality, 
from  month  to  month  and  from  year  to  year.  The  points  at  which 
the  principal  systematic  measurements  were  made  during  the  year 
1901  are  shown  in  figs.  1  and  2  by  the  heavy  dots  upon  the  branching 
lines  of  river  systems. 

HISTORICAIi  RB\n[BW. 

Under  the  operation  of  various  resolutions  of  Congress  and  appro- 
priation acts,  systematic  hydrographic  measurements  have  been  car- 
ried on  by  the  Geological  Survey  since  1888,  papers  Nos.  65,  66,  and  75, 
taken  together,  constituting  what  may  be  termed  the  annual  report 
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for  the  fourteenth  year  of  the  water  supply  and  irrigation  survey.  The 
hydrographic  data  obtained  during  these  years  are  scattered  throngfa 
a  number  of  publications.    In  order  to  facilitate  reference  to  these. 


Fia.  1.— Looation  of  rlyer  statioiis  in  western  lialf  of  the  United  States  In  ISQL 

the  following  brief  review  is  given  of  the  progress  of  the  investiga- 
tion, showing  in  chronologic  order  the  development  of  the  work: 

1888^  first  year. — ^The  Irrigation  Survey  was  organized  in  accordance 
with  the  provisions  of  the  act  of  October  2,  1888.  The  results  of  the 
first  year's  work  are  given  in  the  Tenth  Annual  Report  of  the  Geolo- 
gical Survey,  Part  II,  Irrigation.  This  volume  is  devoted  mainly  to 
the  details  of  organization  and  of  the  plans  adopted  and  partly 
executed. 


HISTORICAL  BEYISW. 
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1889^  second  yean', — ^The  results  of  the  operations  ontlined  in  the 
report  jnst  named  are  given  in  the  Eleventh  Annual  Report,  Part  II, 
Irrigation.    This  contains  a  discussion  of  the  hydrography  and  of  the 


Fig.  2.— Locatloii  of  rlrer  statloiis  in  eastern  half  of  United  States  in  1901. 


engineering  surveys  for  canals  and  reservoirs,  the  statement  of  the 
Director  of  the  Geological  Survey  to  the  House  Committee  on  Irriga- 
tion, a  report  upon  the  topographic  surveys  relating  to  reclamation 
Y.ork,  and  a  list  of  irrigation  literature. 

1890^  third  year, — The  results  of  operations  are  given  in  the  Twelfth 
Annual  Rejiort,  Part  II,  Irrigation.  This  contains  a  statement  of  the 
location  and  survey  of  reservoir  sites,  by  A.  H.  Thompson;  a  paper 
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on  the  hydrography  of  the  arid  region,  by  F.  H.  Newell,  and  a  discus- 
sion of  irrigation  in  India,  by  Herbert)  M.  Wilson. 

1891^  fourth  yeq,r, — The  discussion  of  results  obtained  is  contimied 
in  the  Thiriieenth  Annual  Report,  Part  III,  Irrigation.  This  consists 
of  a  paper  upon  water  supply  for  irrigation,  by  F.  H.  Newell;  two 
papers  by  Herbert  M.  Wilson,  the  first  upon  American  irrigation 
engineering  and  the  second  upon  the  engineering  results  of  the  Irri- 
gation Survey,  and  a  report  by  A.  H.  Thompson  upon  the  location 
and  survey  of  reservoir  sites  during  the  fiscal  year. 

1892,  fifth  year. — ^The  Fourteenth  Annual  Report,  Part  II,  contains 
a  paper  entitled  "The  results  of  stream  measurements,"  by  F.  H. 
Newell.  With  this  are  two  others  bearing  upon  hydrography,  the 
first,  entitled  "Potable  waters  of  eastern  United  States,"  by  W  J 
McGee;  the  second,  "Natural  mineral  waters  of  the  United  States," 
by  A.  C.  Peale. 

1893,  sixth  year. — The  results  of  field  work  during  this  year  are 
shown  in  Bulletin  No.  131. 

189ji,,  seventh  year. — The  operations  of  this  year  are  also  shown  in 
Bulletin  No.  131.  The  Sixteenth  Annual  Report,  Part  II,  contains  a 
paper  entitled  "The  public  lands  and  their  water  supply,"  by  F.  H. 
Newell.  This  gives  in  condensed  form  the  results  of  hydrographic 
work  in  preceding  years.  There  is  also  in  the  same  volume  a  report 
on  the  "Water  resources  of  a  portion  of  the  great  plains,"  by  Robert 
Hay. 

1895,  eighth  year. — Bulletin  No.  140,  entitled  Report  of  Progre^ 
of  the  Division  of  Hydrography,  gives  the  results  of  field  work  during 
the  greater  part  of  this  year.  The  Seventeenth  Annual  Report  con- 
tains a  paper  by  G.  K.  Gilbert  on  the  "Underground  waters  of  the 
Arkansas  Valley  in  eastern  Colorado;"  one  by  Frank  Leverett  on  the 
"Water  resources  of  Illinois,"  and  another,  by  N.  H.  Darton,  on 
"Artesian  waters  of  a  portion  of  the  Dakotas." 

1896,  ninth  year. — For  this  year  was  begun  the  method  of  double 
publication,  the  gage  heights  being  published  in  Water-Supply  Paper 
No.  11,  and  the  results  of  computations,  the  illustrations,  etc.,  being 
given  in  the  Eighteenth  Annual  Report,  Part  IV. 

1897,  tenth  year. — The  gage  heights  are  given  in  Water-Supply  and 
Irrigation  Papers  Nos.  15  and  16  and  the  detailed  descriptions  in  the 
Nineteenth  Annual  Report,  Part  IV, 

1898,  eleventh  year. — ^The  operations  at  river  stations  are  given  in 
Water-Supply  Papers  Nos.  27  and  28,  while  the  results  are  shown  in  the 
Twentieth  Annual  Report,  Part  IV. 

1899,  twelfth  year. — The  operations  at  river  stations  are  contained 
in  Water-Supply  Papers  Nos.  35  to  39,  inclusive,  and  the  discussion  of 
results  in  the  Twenty-first  Annual  Report,  Part  IV. 

1900,  thirteenth  year. — The  operations  at  river  stations  are  given  in 
Water-Supply  Papers  Nos.  47  to  52,  inclusive,  whUe  the  final  tables 
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and  illustrations  are  shown  in  the  Twenty-second  Annual  Report, 
Part  IV. 

190 ly  fourteenth  year. — The  operations  at  river  stations  are  given  in 
Water-Supply  Papers  Nos.  65  and  66,  while  the  conclusions,  with  illus- 
trations, are  shown  in  Water-Supply  Paper  No.  75  instead  of  Part  IV 
of  the  Twenty-third  Annual  Report,  this  latter  report  being  confined 
to  one  volume. 

The  hydrographic  surveys  have  been  from  necessity  confined  to  the 
United  States  proper,  but  urgent  appeals  have  been  received  for  sim- 
ilar work  in  southern  Alaska,  the  Hawaiian  Islands,  and  other  outly- 
ing possessions.  The  rivers  of  southern  Alaska  have  considerable 
value  as  sources  of  water  power  and  will  probably  be  utilized  in  the 
future  in  connection  with  mining  operations  and  the  reduction  of  ores. 
The  vast  extent  of  Alaska  and  the  public  lands,  some  of  which  have 
great  value  from  their  mineral  resources,  are  little  realized,  and  it  is 
only  when  the  area  of  Alaska  is  compared  with  that  of  the  States  of 
the  Union  that  comprehension  can  be  had  of  the  extent  of  land  surface 
and  area  over  which  mineral  and  water  resources  are  distributed. 

ACKI^OWIiEDGMENTS. 

Most  of  the  measurements  presented  in  Papers  65,  66,  and  in  this 
paper  have  been  obtained  through  local  hydrographers,  a  compara- 
tively small  portion  of  the  work  having  been  conducted  directly  from 
the  office  of  the  Geological  Survey  at  Washington.  Acknowledgment 
is  due  to  each  of  these  persons,  and  thanks  are  extended  to  other 
persons  and  to  corporations  who  have  assisted  the  local  hydrographers 
or  have  cooperated  in  any  way,  either  by  furnishing  records  of  the 
height  of  water  or  by  assisting  in  transportation.  The  following  list, 
arranged  alphabetically  by  States,  gives  the  names  of  the  resident 
hydrographers : 

California:  J.  B.  Lippincott,  civil  engineer,  Los  Angeles. 

Colorado:  A.  L.  Fellows,  civil  engineer,  Denver. 

Georgia  and  Alabama:  Prof.  B.  M.  Hall,  civil  engineer,  Atlanta; 
Prof.  W.  S.  Yeates,  State  geologist,  Atlanta;  and  Prof.  Eugene  A 
Smith,  State  geologist,  Tuscaloosa. 

Idaho:  N.  S.  Dils,  civil  engineer,  Caldwell. 

Kansas:  W.  G.  Russell,  Russell. 

Maryland:  Prof.  W.  B.  Clark,  State  geologist,  Baltimore. 

Montana:  Prof.  Samuel  Fortier  and  J.  S.  Baker,  Bozeman. 

Nebraska:  Prof.  O.  V.  P.  Stout,  State  University,  Lincoln,  assisted 
b}'^  Adna  Dobson  and  Glenn  E.  Smith. 

Nevada:  L.  H.  Taylor,  civil  engineer,  Carson  City. 

New  Mexico:  P.  E.  Harroun,  civil  engineer,  Albuquerque. 

North  and  South  Carolina:  Prof.  J.  A.  Holmes,  State  geologist, 
Chapel  Hill,  N.  C,  assisted  by  E.  W.  Myers. 

Texas:  Prof.  Thomas  U.  Taylor,  State  University. 
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Utah :  Prof.  George  L.  Swendsen,  Logan. 

Virginia  and  West  Virginia:  Prof.  D.  C.  Humphreys,  Washington 
fcnd  Lee  University,  Lexington,  Va. 

Washington :  Sydney  Arnold,  civil  engineer,  North  Yakima. 

Wyoming:  A.  J.  Parshall,  civil  engineer,  Cheyenne. 

In  Colorado  the  State  engineering  department  (Mr.  A.  J.  McCnne 
in  charge)  has  cooperated,  s^nd  valuable  assistance  has  been  rendered 
by  the  Denver  and  Rio  Grande,  the  Union  Pacific,  the  Colorado  and 
Southern,  the  Rio  Grande  Southern,  the  Atchison,  Topeka  and  Santa 
Fe,  and  the  Burlington  and  Missouri  River  railroads.  Special  thanks 
are  also  due  to  the  officers  and  employees  of  The  Great  Plains  Water 
Company,  one  of  whose  engineers,  Mr.  C.  W.  Beach,  has  made  many 
measurements  on  the  Arkansas;  to  the  Amity  Land  and  Canal  Com- 
pany and  its  chief  engineer,  Mr.  Thomas  Berry;  to  the  Buffalo  Canal 
Company;  to  Mr.  C.  L.  Harrison,  chief  engineer  of  the  Denver  Union 
Water  Company;  to  Messrs.  S.  M.  Matlock,  T.  J.  Burrows,  J.  M. 
Wolaver,  L.  H.  Dickson,  Thomas  Eneale,  W.  E.  Obert,  and  other 
water  commissioners  in  various  parts  of  the  State,  and  to  many  others 
who  have  furnished  valuable  information. 

In  California  assistance  in  transportation  has  been  rendered  by  Mr. 
William  Hood,  chief  engineer  of  the  Southern  Pacific  Company,  who 
has  also  procured  the  assistance  of  bridge  watchmen  in  observing  the 
height  of  water  in  the  rivers.  Mr.  Walter  James,  chief  engineer  of 
the  Kem  County  Land  Company,  has  supplied  records  of  Kern  River, 
and  Mr.  A.  K.  Warren,  assistant  engineer,  has  also  furnished  infor- 
mation. Mr.  H.  F.  Parkinson,  sux)erintendentof  canals  taking  water 
from  San  Gabriel  River  above  Azusa,  has  furnished  records  of  that 
stream;  Mr.  T.  F.  Keefe,  secretary  of  the  Fontana  Development  Com- 
nany,  has  furnished  records  of  Lytle  Creek;  and  Mr.  K.  Sanborn, 
engineer  of  the  Riverside  Water  Company,  rendered  valuable  assist- 
ance in  making  low-water  measui'ements.  Mr.  W.  G.  Nevin,  general 
manager  of  the  Southern  California  Railroad,  has  furnished  trans- 
portation over  the  Santa  Fe  lines  in  California.  The.  Los  Angeles 
City  Water  Company  has  maintained  gagings  of  Los  Angeles  River, 
which,  through  the  courtesy  of  Mr.  William  Mulholland,  city  engineer, 
have  been  furnished  to  the  Survey  without  charge.  Mr.  H.  N.  Savage^ 
chief  engineer,  of  the  San  Diego  Land  and  Town  Company,  has  con- 
tributed information  concerning  Sweetwater  River. 

In  Georgia,  Alabama,  Florida,  Tennessee,  and  Mississippi  Prof. 
B.  M.  Hall  and  Mr.  Max  Hall,  resident  hydrographers,  have  been 
assisted  in  their  work  by  the  following  persons  and  corporations :  Prof, 
W.  S.  Yeates,  State  geologist  of  Georgia,  has  paid  the  observers  at 
Madison,  Tallulah  Falls,  Juliette,  Almon,  and  Blueridge,  and  for  a 
portion  of  the  year  the  observers  at  Carters,  Canton,  and  Woodbury. 
Dr.  Eugene  A.  Smith,  State  geologist  of  Alabama,  has  paid  the  observers 
at  Riverside,  Cordova,  Milstead,  Susanna,  Sturdivant,  Dadeville,  Alex- 
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ander,  and  Nottingham.  The  city  of  Augusta  maintains  the  station 
at  Augusta,  Ga.  The  officials  of  the  United  States  Weather  Bureau 
have  shown  a  great  interest  in  the  work  and  have  rendered  valuable 
assistance,  i)articularly  Messrs.  J.  B.  Marbury,  D.  Fisher,  F.  P.  Chaffee, 
L.  M.  Pindell,  W.  M.  Dudley,  and  T.  S.  Collins..  They  have  main- 
tained stations  at  Calhoun  Falls,  8.  C. ;  at  Carlton,  Dublin,  Albany, 
West  Point,  and  Oakdale,  in  Georgia;  at  Montgomery  and  Selma,  in 
Alabama,  and  at  Chattanooga  and  Enoxville,  in  Tennessee;  and  for 
a  part  of  the  year  stations  at  Woodbury,  Canton,  Besaoa,  and  Rome, 
in  Georgia,  and  at  Charleston,  Tenn.  Acknowledgments  are  also 
due  to  Messrs.  R.  C.  McCalla,  D.  M.  Andrews,  and  G.  T.  Nelles, 
United  States  assistant  engineers,  for  cooperation  in  the  work  by  send- 
ing records  of  stations  at  Tuscaloosa,  Ala.,  and  Lincoln,  Ala.,  and 
furnishing  valuable  data  concerning  the  Coosa,  Cahaba,  Warrior, 
Tennessee,  and  other  rivers.  Also  to  Prof.  C.  M.  Strahan,  of  Georgia 
University;  to  Prof.  C.  S.  Wilkins,  of  Alabama  University;  to  Prof. 
W.  M.  Fulton,  of  Tennessee  University;  to  Mr.  H.  S.  Weems,  of  Car- 
ters, Ga. ;  and  to  Mr.  W.  M.  Towers,  of  Rome,  Ga.  Transportation 
has  been  furnished  through  the  kindness  of  Mr.  J.  S.  B.  Thompson, 
general  agent  of  the  Southern  Railway;  Mr.  E.  St.  John,  vice-president 
and  general  manager  of  the  Seaboard  Air  Line;  Mr.  Thomas  K.  Scott, 
general  manager  of  the  Georgia  Railroad ;  Mr.  John  M.  Egan,  presi- 
dent of  the  Central  of  Greorgia  Railway;  Mr.  James  T.  Wright,  presi- 
dent and  general  manager  of  the  Macon,  Dublin  and  Savannah  Rail- 
road; Mr.  John  B.  Newton,  general  manager  of  the  Atlanta,  Knoxville 
and  Northern  Railway;  Mr.  W.  B.  Denham,  general  superintendent 
of  the  Plant  System;  Mr.  C.  A.  Wickersham,  president  and  general 
manager  of  the  Atlanta  and  West  Point  Railway  and  the  Western 
Railway  of  Alabama;  Mr.  Hunter  McDonald,  chief  engineer  of  the 
Nashville,  Chattanooga  and  St.  Louis  Railway;  Mr.  Y.  van  den  Berg, 
vice-president  of  the  Louisville  and  Nashville  Railroad,  and  Mr.  J.  T. 
Harahan,  second  vice-president  of  the  Illinois  Central  Railroad. 

Thanks  are  due  to  the  Norfolk  and  Western  Railway  for  an  annual 
pass  over  all  lines  in  Virginia  and  West  Virginia,  issued  to  Prof.  D.  C. 
Humphreys,  and  to  the  Chesapeake  and  Ohio  Railway  for  a  similar 
courtesy  during  the  months  of  July,  August,  and  September.  Thanks 
are  also  due  to  Mr.  Charles  S.  Churchill,  of  Roanoke,  Va.,  for  sugges- 
tions and  assistance. 

In  Idaho  the  State  engineer,  Mr.  D.  W.  Ross,  has  heartily  cooper- 
ated. Transportation  has  also  been  furnished  to  Mr.  N.  S.  Dils 
and  others  in  the  employ  of  the  Survey,  through  the  kindness  of  Mr. 
D.  E.  Burley,  general  passenger  and  ticket  agent  of  the  Oregon  Short 
Line. 

In  connection  with  the  work  in  Kansas  the  Survey  is  under  obliga- 
tions to  the  Missouri,  Kansas  and  Texas  Railway,  the  Union  Pacific 
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Railway,  and  the  Sant>a  Fe  Railroad  for  transportation   famished  to 
Mr.  W.  G.  Ru8sell,  resident  hydrographer. 

In  Montana  assistance  has  been  rendered  by  the  Great  Northern 
Railroad,  by  the  Bitterroot  Stock  Farm,  of  Hamilton;  by  Prof.  M.  J. 
Elrod,  of  Missoula  University;  by  J.  D.  O'Donnell,  of  Billings,  and  by 
Mr.  J.  L.  Rhead,  superintendent  of  the  Big  Ditch  at  Laurel,  Mont 

In  Nebraska  the  resident  hydrographer,  Prof.  O.  V.  P.  Stouts  hasi 
had  the  benefit  of  the  continued  cooperation  of  various  public  and 
private  organizations.  Special  acknowledgments  are  due  to  the  agri- 
cultural experiment  station  and  the  State  board  of  irrigation  for  tbe 
service  of  hydrographers,  to  the  State  board  of  agriculture  for  the 
preparation  and  publication  of  valuable  data,  and  to  the  following 
railway  of&cials,  without  whose  assistance  the  amount  of  work  accom- 
plished would  have  been  greatly  lessened:  Mr.  G.  W.  Holdredge,  gen- 
eral manager  of  the  Burlington  lines  west  of  Missouri  River;  Mr. 
George  F.  Bid  well,  general  manager  of  the  Fremont,  Elkhom  and  ^l\>- 
souri  Valley  Railroad,  and  Mr.  E.  L.  Lomax,  general  passenger  agent 
of  the  Union  Pacific  Railroad;  also  to  Prof.  A.  B.  Crane,  of  the  South 
Dakota  Agricultural  College,  for  measurements  of  Big  Sioux  River. 

In  Nevada  officials. of  the  Southern  Pacific  Railroad  Company,  of 
the  Nevada-California-Oregon  Railway  Company,  and  of  the  Lake 
Tahoe  Railway  and  Transportation  Company  have  furnished  transpt)r- 
tation  to  Mr,  L.  H.  Taylor,  enabling  him  to  greatly  extend  his  field 
work. 

In  Wyoming  transportation  has  been  furnished  to  Mr.  A.  J.  Par- 
shall  by  Mr.  E.  Dickinson,  general  manager  of  the  Union  Pacific  Rail- 
road; by  Mr.  G.  W.  Holdredge,  general  manager  of  the  Burlington  and 
Missouri  Railroad;  by  Mr.  George  F.  Bidwell,  general  manager  of  the 
Fremont,  Elkhom  and  Missouri  Vallej^  Railroad,  and  by  Mr.  Frank 
Trumbull,  general  manager  of  the  Colorado  and  Southern  Railway, 
thus  greatly  increasing  the  amount  of  work  accomplished. 

In  Washington  the  work  has  been  facilitated  by  transj.'ortation  fur- 
nished to  Mr.  Sydney  Arnold  by  Mr.  Thomas  Cooper,  general  man- 
ager of  the  Northern  Pacific  Railway. 

NORTHERN  ATIiANTIC  COAST  DRAINAGE. 

Under  this  heading  have  been  included  data  pertaining  to  the  riveis 
entering  the  Atlantic  Ocean  from  Maine  to  Virginia,  inclusive,  an 
arbitrary  line  being  drawn  between  James  River  and  Roanoke  River, 
the  latter  stream  being  included  in  the  southern  Atlantic  coast 
drainage. 

In  order  to  systematize  the  work  of  stream  gaging  in  Maine,  jjerma- 
nent  gaging  stations  were  established  during  the  season  of  1901  by  the 
Geological  Survey  on  a  number  of  rivers  in  the  State  of  Maine  that 
are  of  peculiar  interest  on  account  of  their  water  powers.  Practicallr 
ell  of  the  data  heretofore  published  on  the  Maine  streams  have  been 
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furnished  through  the  courtesy  of  local  engineers  and  milling  com- 
panies from  their  own  records.  As  the  data  obtained  at  the  newly 
established  stations  are  as  yet  too  incomplete  to  warrant  computation 
of  the  discharge  at  these  points,  no  results  of  measurements  are  given 
for  1901.  As  in  preceding  years,  records  of  daily  discharge  have  been 
kept  by  the  Forest  Paper  Company  at  Yarmouthville,  Me.,  on  Cob- 
bosseecontee  River,  at  the  reservoir  dam,  near  Augusta;  by  the  Rum- 
ford  Falls  Power  Company,  at  Rumford  Falls,  on  Androscoggin  River, 
and  by  Mr.  Hiram  F.  Mill8,  of  Lowell,  Mass.,  on  Presumpscot  River, 
at  the  outlet  of  Sebago  Lake.  The  results  of  these  measurements 
for  1901  are  given  in  the  following  pages,  where  are  also  given  results 
of  observations  made  on  Penobscot  River  at  Sunk  Haze  Rips,  near 
Costigan,  Me.,  for  the  years  1899  and  1900.  A  full  description  of  the 
Maine  rivers  and  their  drainage  basins,  together  with  tabulated  state- 
ments of  their  flow,  has  been  published  in  Water  Supply  Paper  No.  69, 
entitled  "Water  Powers  of  the  State  of  Maine,"  by  H.  A.  Pressey. 

Measurements  of  streams  in  New  York  State  have  been  made  as  in 
previous  years  with  the  cooperation  of  the  State  engineer  and  sur- 
veyor, Edward  A.  Bond,  and  the  deputy  State  engineer  and  surveyor, 
William  Pierson  Judson,  under  the  immediate  supervision  of  Robert 
E.  Horton.  The  majority  of  these  stations  were  primarily  established 
in  connection  with  a  study  for  the  water  supply  of  the  New  York 
State  canals  and  the  Upper  Hudson  storage  survey.  The  gage  records 
for  1901  and  tabulated  results  by  months  for  the  entire  period  of 
observation  for  each  station  have  been  published  in  Water-Supply 
PaX>^r  No.  65.  During  1901  additional  stations  were  established 
through  cooperation  of  the  department  of  water  supply  of  New  York, 
George  W.  Birdsall,  chief  engineer,  for  studying  the  possible  sources 
of  future  municipal  water  supply  for  Greater  New  York.  These 
stations  are  located  as  follows:  Dover  Plains,  on  Tenmile  River;  South 
Cairo,  on  Catskill  Creek;  Kingston,  on  Esopus  Creek;  New  Paltz,  on 
Wallkill  River;  Rosendale,  on  Rondout  Creek;  Glenham,  on  Fishkill 
Creek;  and  Gay  lord  sville,  on  Housatonic  River.  With  the  exception 
of  the  last-named  station,  which  is  in  Connecticut,  the  stations  are  all 
within  the  State  of  New  York.  Descriptions  of  these  stations,  together 
with  records  of  gage  heights  and  results  of  measurements  of  the 
streams  made  in  June,  1901,  by  H.  A.  Pressey  and  R.  E.  Horton,  are 
published  in  Water-Supply  Paper  No.  65,  pages  59-90. 

Following  is  a  complete  list  of  the  gaging  stations  maintained  dur- 
ing the  past  season  in  the  State  of  New  York: 


Raquette  Biver  at  Hannawa  Falls. 
Black  River  at  Watertown. 
Black  River  at  Felts  Mills. 
Beaver  River  at  Tisses  Bridge. 
Indian  River  at  Indian  Lake  Dam. 
Schroon  River  at  Warrenshurg. 
Moose  River  at  Moose  River. 


Salmon  River  at  Pulaski. 

Oswego  River  at  Fulton  (High  Dam. 

Minetto  Station). 
Seneca  River  at  Baldwinsville. 
Skaneateles  Ontlet  at  Willow  Glen  an- 1 

Jordan. 
Genesee  River  at  Rochester. 
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Oneida  River  at  Brewezton. 

West  Branch  Fish  Creek  at  McConnells- 

ville. 
Chittenango  Creek  at  Bridgeport. 
Chittenango  Creek  at  Chittenango. 
Oneida  Creek  at  Kenwood. 
Mohawk  River  at  Ridge  Mills. 
West  Canada   Creek   at   Twin   Rock 

Bridge. 
Oriskany  Creek  at  Woods  road  bridge. 
Saqnoit  Creek  at  New  York  Mills. 
Mohawk  River  at  Utica. 
West  Canada  Creek  at  Middleville. 
Mohawk  River  at  Little  Falls. 
East  Canada  Creek  at  Dolgeville. 
Cayadntta  Creek  at  Johnstown. 
Hudson  River  at  Fort  Edward. 
Schoharie  Creek  at  Fort  Hnnter. 
Schoharie  Creek  at  Millpoint  Aqnednct. 


Schoharie  Creek  at  Schoharie  Falls. 
Mohawk  Biver  at  Schenectady. 
Mohawk  River  at  Rexf  ord  Flats. 
Hndson  River  at  Mechanicville. 
Mohawk  River  at  Dunsbach  Ferry. 
Normanskill  Creek  at  French's  Mill. 
Kinderhook  Creek  at  East  Nassan  and 

Wilson's  dam. 
Catskia  Creek  at  South  Caixo. 
Esopus  Creek  at  Kingston. 
Rondont  Creek  at  Rosendale. 
Wallkill  River  at  New  Paltz.  ' 

FishMQ  Creek  at  G-lenham. 
Rondont  Creek  at  Honk  Falls. 
Croton  River  at  old  Croton  dam. 
Chenango  River  at  Bingham  ton. 
Sosqnehanna  River  at  Binghamton. 
Tenmile  River  at  Dover  Plains. 
RicheHen  River  at  Fort  Montgomery. 


NEW  ENGLAND  STREAMS. 

EatimtUed  monthly  discharge  of  Pencbaooi  River  near  Costigan^  Me, 

[Draioage  area,  7,460  square  miles.] 


Month. 


1899. 


October . . . 
November 
December 


1900. 

January 

February 

March 

April 

May - 

June 

July 

August 

September  1-21 .. . 


Discharge  in  seoond-feet. 


Mn-TlTnTlTtl 


5,100 
14,000 
11,600 

85,400 
52,400 
62,700 
75,100 
74,700 
41,600 
21,400 
14,100 


')>4'lTiiTrmTin- 


2,880 
8,800 
4,800 

9,500 
26,200 
29,200 
86,600 
44,200 

7,800 
11,300 

4,850 


Mean. 


2,764 
7,170 
9,014 

14, 876 
87,262 
48,828 
52,407 
56,682 
20,485 
13,769 
10, 722 
4,507 


Second- 
feet  i>er 


mile. 


0.81 
.96 

1.21 

2.00 
5.00 
5.88 
7.08 
7.60 
2.74 
1.85 
1.44 
.60 


Depthin 
indMB. 


0.96 
1.07 
1.40 

2.31 
5.21 
6.  TT 
7.84 
8.76 
8.06 
2.13 

1.66 
.47 


NoTB.— Daily  discharge  for  1880and  1900  is  given  in  Water-Sapply  Paper  No.  6K,  pageeU  and  U. 
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Eitimated  motUMy  diaeharge  of  Cobbogaceoontee  River  n 
[DralUBBe  mrea,  £S0  sqnve  miles.] 


DtocIuTse  in  ■ecoDd-t« 


"SKT 


January. .- 
February  . 

March 

April 

May 

Jnly 

AogDBt    --- 


October.... 
November  - 
December  _. 


1.78 

».es 

1.45 


1.27 
I.IB 
2.«4 


Note. — DaOy  dkchArge  tor  18BI  la  given  In  WKter-Supply  Paper  No.  W,  page  SO 

Sac.-ft. 


1.400 
l,<MO 


FlQ.  8.— Dlachartte  of  Naehmt  Btver  at  Clinton,  Maaa.,  1890-1(01. 
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Estimated  monthly  discharge  of  Androscoggin  River  at  Rumford  Foils.  3ff. 

[I>FRixiage^M*ea,  2,800  sqaare  miles.] 


Month. 


January  .. 
February  . 

March 

April 

May 

June 

July 

August  ... 
September 
October . . . 
November. 
December. 


1901. 


Dlflrbarge  in  seoond-feet. 


Maximnm.  >  MitiltniiTn. 


The  year 32,653 


2,082 

1,692 

2,496 

1,568 

4,446 

1,873 

32,658 

2,887 

16,808 

6,711 

7,424 

2,787 

3,838 

1,612 

5,035 

1,925 

1,955 

1,848 

5,187 

1,547 

1,829 

1,205 

27,785 

1,209 

Bnn-off. 


SdOGOd- 

feetiwr    Depth  ■= 
■qoare      inic^ 
mile. 


1,205 


1,895 
1,832 
2,468 
14,891 
10, 714 
4,420 
2,671 
2,788 
1,590 
2,224 
1,606 
3,441 


0.82 
.79 
1.06  ' 
6.42  ' 

4.62  I 
1.91  , 
1.15 
1.20 


7.11 


4,211 


.96 


1.48 


1.82 


5.:;; 


1  *' 


\.^ 


1  " 


.  •• 


i.ri 


24.*:: 


NoTK.— Daily  diacharge  for  1901  is  given  in  Water-Supply  Paper  No.  05,  page  21. 

Estimated  monthly  discharge  of  Presumpscot  River  at  outlet  of  Sebago  hi^^- 

Maine, 
[Drainage  area,  470  square  miles.] 


Month. 


January-.. 
February'  . 

March 

April 

May 

June 

July 

August  ... 
September 
October  _ . . 
November. 
December. 


1901. 


Discharge  in  seoomd-f eet. 


Maximum. 


The  year 


673 
673 
833 
673 

728 
993 
747 
693 
678 
687 
717 
700 


993 


Minim"'"- 


867 

517 
888 
0 
833 
400 
300 
300 
300 

2as 

238 

200 


0 


Mean. 


Bun-oir. 


619 
649 
628 
466 
605 
722 
670 
575 
596 
574 
618 
616 


611 


Sooonfl' 

feet  per  |  Depth  :"- 
square      incbr*^ 
mile.      I 


1.82 
1.88 
1.38 
.99 
1.29 
1.54 
1.43 
1.22 
1.27 
1.22 
1.31 
1.81 


1.30 
NoTK.— Daily  diacharge  for  1901  is  giyen  in  Water-Supply  Paper  No.  66i,  page  22. 


l.l" 

1.:-. 

17. '>^ 


T  SKOWHEG*N,    ME..   BV  FRESHET  C 


uj~l  NOBTHBBH  ATI^NTIO  0OA8T  DBAQfAGE. 

Eitimated  foonlhly  diteharge  of  Connecticut  River  at  Orford,  N.  H. 

[Dtmium^  kn*,  8,(W)  square  mllw.] 


Aiigii8t6-81 
Septembei 
Octoter 
November 


In  Wster-8api>ly  Paper 


Fio.  t.— macharge  of  Haduon  Bive 


8TBEAV  MEASITKEICSHTS  ER  1901. 


Ettimaitd  montMg  diteharge  of  Houaatonie  River  at  OaylordaviUe,  Conn. 
(DninftKe  ana,  IJMO  mpitx*  mUra  ] 


Diacbwse  in  mamd-ttVL 

Bun 

<a. 

HoDth. 

-— 

Uma. 

Second- 
feet  pur 

-ssjr 

K? 

1900. 

858 
909 

1,644 

0.85 

.89 

.     1.51 

5S0 
8,890 

340 
810 

.99 

1«01. 

1.700 
682 
10,845 
12.285 
6.535 
4.845 
885 
8.285 
1,700 
0,045 
2,035 
12,525 

SOS 
S24 
458 
2,600 
2.800 
745 
.W8 
458 
745 
745 
562 
745 

890 
489 
4,269 
8,280 
4,432 
2,087 
674 
1,458 
1.088 
1,839 
1,108 
3,873 

.87 
.48 
4.19 
6.16 
4.34 
2.08 
.68 
1.48 
1.07 
1.61 
1.09 
3.80 

Pobniary 

.») 

VBy 

Jtme _.   . 

JnlT 

2.3fl 

Angu8t 

1.65 

September 

MB 
1.88 

l.ii 

4.3» 

18.845 

- 

3,.W6 

2.81 

re  gtTen  Id  Wkter-Bnpplr  Pap" 


-DlKharge  of  HoQBii tonic  Riter  at  (HylordsTllle,  Conn.,  1 


BLiCKSTONE  R 


BLACKSTONE  CANAl 


1-]  MOBTHEBH    ATLANTIC   COAST   DRAINAGE. 


Fia.  S.— Dlschat^e  of  Oswego  BiTer  at  hlsh  (bun,  Vew  York,  190t. 


1S,000 

10.000 
8,0U0 


Flo.  T.— DlBclurBe  ot  Hohawk  River  Kt  Schenecttulr,  N.  T.,  1901. 
PASSAIC  RIVER  BASIN. 

Gaging  stations  were  established  during  1901  on  the  Passaic  River 
and  on  Pompton  River,  its  principal  tributary,  at  Two  Bridges,  N.  J., 
by  George  B.  HoUister,  under  whose  direction  systematic  ineasure- 
meuts  are  now  lieing  carried  on.     The  two  rivers  drain  areas  of  the 
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same  extent,  though  different  in  character,  the  Pompton  draining 
the  high  lands  of  northern  New  Jersey  and  part  of  New  York  State, 
while  the  Passaic  flows  through  comparatively  level  lands.  Following 
are  the  results  of  measurements  for  1901: 

Estimated  monthly  discharge  of  Passaic  River  at  Two  Bridges^  N,  J. 

[Drainage  area,  880  square  miles.] 


Month. 


1901. 


May« 

June  1-22  . 

Jtdy 

Angnst 

September 
October . . . 
November. 
December  . 


Dischaifre  in  aeoond-f eet. 


Haximom. 


2,000 


1,007 
3,858 
1,650 
959 
719 
4,445 


Minimum. 


623 


Mean. 


187 
368 
271 
225 
181 
225 


1,105 
779 
448 

1,409 
682 
472 
321 

1.015 


Btm-off. 


Seocmd- 

feetper 

aqotere 

mile. 


3.07 
2.16 
1.24 
8.91 
1.76 
1.31 
.89 
2.82 


DeiyUiin 
inchea. 


3.54 
1.76 
1.43 
4.51 
1.96 
1.51 
.99 
3.26 


a  Approximate. 

NOTB.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Snpidy  Paper 
No.  66,  page  211;  rating  table  on  page  818  of  same  paper. 

E9tim4xted  monthly  discharge  of  Pompton  River  at  Tux)  Bridges ,  N.  J 

[Drainage  area,  900  square  miles.] 


Month. 


May  « 

June  1-22  . 

Jtdy 

August  ... 
September 
October . . . 
November. 
December . 


1901. 


Discharge  in  second-feet. 


Maximum. 


2,751 


1,254 
5,342 
2,240 
1,181 
1,001 
6, 328 


Minimum. 


893 


195 
255 
221 
221 
195 
300 


Mean. 


Bun-off. 


Second- 
feet  per 
square 
mile. 


1,529 

1,015 
541 

1,834 
848 
583 
822 

1,441 


4.25 
2.88 
1.50 
5.09 
2.35 
1.48 
.89 
4.00 


Depth  in 
inches. 


4.90 
2.30 
1.T3 
5.66 
2.62 
1.71 

4.61 


a  Approximate. 
NoTic.— Qage  heights  and  discharge  measurements  for  1901  are  given  in  Watei^Snpply  P^^r 
No.  66,  page  212;  rating  table  on  iwge  318  of  same  paper. 
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DELAWARE  RIVER  AND  TRIBUTARIES  NEAR  PHILADELPHIA. 

The  gaging  station  on  this  river  was  established  July  23,  1897,  at 
Lambertville,  N.  J.  Since  its  establishment  continuous  records  have 
been  kept  of  the  flow  of  the  river,  which  have  been  published  in  the 
annual  reports,  commencing  with  the  Twentieth  Annual  Report,  Part 
IV.  The  figures  of  discharge  include  in  every  instance  the  flow  of 
the  Delaware  and  Raiitan  Canal  feeder.  The  record  for  1901  is  pub- 
lished herewith.  Measurements  of  the  flow  of  Perkiomen,  Wissa- 
hickon,  Tohickon,  and  Neshaminy  creeks,  all  tributaries  of  Delaware 
River  near  Philadelphia,  have  been  continued,  as  in  former  years,  by 
Mr.  John  E.  Codman,  in  charge  of  the  hydrographic  work  of  the  bureau 
of  water  of  the  city  of  Philadelphia.  The  location  of  these  creeks 
and  the  points  of  measurement  are  shown  in  fig.  16  of  the  Twentieth 
Annual  Report,  Part  IV,  page  89.  On  the  following  pages  are  given 
the  records  of  these  streams  for  1901. 


Estimated  monthly  discharge  of  Delaware  River  at  LambertvUle,  N,  J. 

[Drainage  area,  6.856  square  milee.] 


Month. 


1901. 


January... 
February  . 

March 

April 

May 

June 

Jtdy 

An^nst 

September 
October  . . . 
November . 
December  . 


Discharge  in  seoond-f eet. 


Ma.TliwTiTn 


16,826 


74,890 
64,075 
65,620 
48,110 
10,000 
69,740 
21,200 
18,050 
10,800 
161,410 


Minimum. 


The  year 


2,800 


2,600 
15, 475 
14, 625 
5,800 
1,825 
2,800 
5,300 
5,550 
4,320 
6,375 


Mean. 


6,192 
«2,500 
28,268 
81,811 
24,524 
16,902 

4,676 
16,285 
10, 785 

9,542 

6,680 
31,366 


15, 377 


Run-off. 


Seoond- 

f  eet  i)er 

square 

mile. 


0.90 

.87 

3.89 

4.64 

8.58 

2.47 

.68 

2.88 

1.57 

1.89 

.97 

4.58 

2.24 


Depth  in 
Inches. 


1.04 
.89 
3.91 
5.17 
4.13 
2.75 
.78 
2.75 
1.75 
1.60 
1.08 
5.28 


30.68 


a  Approximate. 
NoTK. — Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  06,  page  214;  rating  table  on  page  818  of  same  paper. 
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Fio.  e.— DlacbArge  of  Delkvare  Blver  at  LambertvOle,  N.  J. 

Estimated  Tnonthlg  dUcharge  of  Tohtckon  River  at  Point  Plfosant,  Pa. 

[Onin^ge  »r«k,  102  aqiure  mOes,] 

Diadurga  In  Mcond-ftwt, 


Jannar}' 

Pebnmry  .. 

April  

May 

Jnly 

AngnBt 

September.. 

October 

November.. 


5.11 
4.W 
2.28 


NOTK.—Dallr  diAcbarge  tor  1901  ia  glTen  iD  Wster-Supplf  Paper  No.  «E,  pikge  £15. 


.] 
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Estimated  monthly  discharge  of  Neskaminy  Creek,  Pennsylvania,  below  the  forks, 

[Drainage  area,  18D  square  miles.] 


Month. 


1901. 


January... 

February  - 

March 

April 

May  .-.-,. 

June 

Jtdy 

Angnst  ... 
September. 
October  ... 
Norember. 
December . 


The  year 


Diflchargre  in  aeoond-feet. 


Hilarfninin. 


1,965 

72 

4,624 

1,774 

1,029 

509 

1,320 

2,385 

1,676 

73 

1,178 

3,829 


4,624 


Mlnimnm. 


81 
41 
51 
92 
88 
41 
81 
63 
45 
22 
18 
48 


18 


Mean. 


151 

46 

421 

434 

253 

111 

179 

831 

196 

39 

78 

549 


232 


Ban-off. 


Second- 
feet  per 
square 
mile. 


1.09 

.38 

3.03 

3.12 

1.82 

.80 

1.29 

2.88 

1.41 

.28 

.56 

3.95 


1.67 


Depth  in 
inches. 


1.26 

.84 

8.48 

8.49 

2.10 

.89 

1.48 

2.75 

1.57 

.82 

.62 

4.55 


22.85 


NoTX.— Daily  discharge  for  1901  is  given  in  Water-Supply  Paper  No.  65,  page  216. 

Estimated  monthly  discharge  of  Perkiomen  Creek  at  Frederick,  Pa. 

[Drainage  area,  IfiS  square  miles.] 


Konth. 


1901. 


January  .. 
Febmary  . 

March 

Aiyril 

May 

June 

Jtdy...... 

Atigast  — 
September 
October  ... 
November. 
December. 


The  year 


Discharge  in  second-feet. 


Mft.'^-f'niTiTn 


1,623 

84 

4,717 

2,237 

1,113 

547 

137 

1,433 

250 

260 

368 

6,017 


Minimum. 


6,017 


31 
29 
46 
58 
67 
36 
12 
36 
38 
31 
36 
51 


12 


Mean. 


139 

44 

441 

337 

236 

119 

44 

184 

87 

80 

72 

557 


Bun- off. 


Second- 
feet  per 
square 
mile. 


0.91 

.29 

2.91 

2.22 

1.55 

.78 

.29 

1.21 

.57 

.33 

.47 

3.67 


195 


1.27 


Depth  in 
inches. 


1.05 

.30 

8.85 

2.48 

1.79 

.87 

.83 

1.40 

.64 

.61 

.52 

4.22 


17.56 


NoTK.— Daily  discharge  for  1901  is  given  in  Water-Supply  Paper  No.  65,  i)age  817. 
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Estimated  monthly  discharge  of  Wissahickon  Creek^  near  Philadelphia,  Pa, 

[I>raiiuige  area,  06  Bqnare  miles.] 


Montli. 


1901. 


January  .. 
February  . 
March  1-9. 
Angost  --. 
September 
October . . . 
November 
December. 


Diacharge  in  aecond-f eet. 


MaTiniiiTn. 


240 

64 

24 

1,095 

99 

48 

515 

1,269 


I 


Mi"!^'""' 


Mean. 


12 
16 
17 
19 
20 
16 
13 
17 


54 
88 
18 

188 
32 
30 
37 

133 


Bnn-olF. 


Second- 
feet  per 
square 
mile. 


Depth  in 
inches. 


0.83 
.58 
.28 

2.12 
.49 
.46 
.57 

2.05 


0.96 
.60 
.09 

2.45 
.55 
.53 
.64 

2.37 


Note.— Daily  discharge  for  1901  is  given  in  Water-Sapply  Pai^er  No.  65,  page  218. 
SUSQUEHANNA  RIVER  AND  TRIBUTARIES. 

During  1901  measurements  have  been  made  of  Susquehanna  River 
and  its  principal  tributaries,  as  follows:  North  Branch  of  Susque- 
hanna River  at  Wilkesbarre,  Pa.,  and  at  Danville,  Pa. ;  West  Branch 
of  Susquehanna  River  at  Williamsport,  Pa.,  and  at  Allenwood,  Pa.; 
Juniata  River  at  Newport,  Pa.,  and  Susquehanna  River  at  Harris- 
burg,  Pa.  Owing  to  lack  of  sufficient  discharge  measurements  the 
monthly  figures  of  flow  for  the  Williamsport,  Wilkesbarre,  and  Allen- 
wood  stations  were  not  computed  for  1901,  Results  for  the  other 
stations  are  given  in  the  following  tables,  the  figures  of  di8Ghar:ge  for 
the  Susquehanna  at  Harrisburg  including  the  flow  of  the  Pennsylvania 
Canal  at  that  point: 

Estimated  monthly  dischage  of  North  Branch  of  Susquehanna  River  at  Dan- 

ville,  Pa. 

[Drainage  area,  11,070  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maximom. 


1901. 


January  - 
February 
March  ... 
April  — 


88,640 


M^TiiTnTifri 


22,400 


Mean. 


«30,000 

« 30, 000 

« 52, 186 

88,120 


Ban-off. 


Seoond- 

f  eet  per 

square 

mile. 


2.71 
2.71 
4.71 
3.44 


Depth  in 
indies. 


8.12 
2.83 
5.43 
S.84 
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Estimated  monthly  discharge  of  North  Branch  of  Suaquehanna  River  at  Danville, 

Fa, — Ck>ntinnea. 


Month. 


1901. 


May 

Jttne 

jTily 

Attgnst 

September 
October  __. 
Noyember. 
December. 


The  year 


Discharire  in  Bocond-feet. 


MaxiniTiTn 


83,600 
74,960 

6,400 
56,240 
13, 185 

8,100 

27,440 

139,760 


M^yiiiTBTiTin . 


139, 760 


14, 810 
6,800 
2,500 
2,750 
3,800 
3.600 
2,750 
7,200 


Meftn. 


Runoff. 


Seoond- 

feetper 

square 

mile. 


Depth  in 
inches. 


2,500 


25,209 

20,228 
4,079 

12,646 
6,042 
5,585 
6,412 

35,246 


22, 121 


2.28 

1.88 
.37 

1.14 
.55 
.50 
.58 

3.18 


2.00 


2.68 

2.04 
.48 

1.81 
.61 
.58 
.65 

8.67 


27.13 


<s  Approximate. 

NoTX,— Gage  heights  and  dischax^e  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  66,  page  8S0;  rating  table  on  page  818  of  same  paper. 

Estimated  mxmthly  discharge  of  Juniata  River  at  Newport^  Pa, 

[Drainage  area,  8,476  square  miles.] 


Month. 


Jantaary... 
February  . 

March 

April 

May 

Jmie 

July 

August — 
Septemb^. 
October ._. 
l^ovember. 
December. 


1901. 


The  year 


Discharge  in  second-feet. 

Bun-off. 

Minimum. 

Mean. 

Becond- 

feetper 

square 

mile. 

Depth  in 
inches. 

3,500 

1,200 

2,224 

0.64 

0.74 

4,000 

1,600 

2,634 

.76 

.79 

59, 500 

2,040 

12, 155 

3.50 

4.04 

49,000 

5,850 

16, 957 

4.88 

5.45 

46,500 

8,250 

13, 187 

3.79 

4.37 

24,000 

3,250 

6,792 

1.95 

2.18 

6,900 

1,600 

2,845 

.82 

.95 

11,150 

1,200 

3,880 

1.12 

1.29 

7,700 

1,400 

3,134 

.90 

1.00 

2,270 

1,000 

1,447 

.42 

.48 

5,850 

1,000 

1,637 

.47 

.52 

70,000 

2,040 

13, 731 

8.95 

4.55 

70,000 

1,000 

6,719 

1.93 

26.86 

KoTX.— Oage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
X^o.  65,  page  S86;  rating  table  on  page  318  of  same  paper. 
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Estimated  numtMy  discharge  of  f^v^qaehanna  River  at  Harritburg,  Pa. 
[DnUnase  area,  SiCn  aqnwe  mllw.] 


Bim-off. 

Month. 

MMirnom. 

37,039 
83,400 
193,160 
306,690 
311,060 
187,700 
34,600 
138,350 
64,436 
19,800 
68,910 
347,100 

HlDimiim. 

Vmu. 

Ig^^ 

1901. 
Janofay 

7,880 

u  ion 

0.60 
.84 
3.43 
4.89 
3.66 
2.80 
.58 
1.40 
.08 
.57 
.64 
3.05 

0.69 

11,000  1      30,286 

47,375 
27,935 
24,600 
10,100 
8,475 
11,135 
9.450 
6,880 
13,100 

6,880 

Ift'i.569 
63,966 
55,296 
14,013 
33.663 
33,262 
13,669 
15,265 
70,090 

Vay 

3.o: 

July 

.«: 

l.M 

October 

M 
.71 

The  year 

347,100 

43,655 

1.77 

■ii.V. 

B  Water-Sapplr  Ftjrr 


Fm.  S,— Dltobftrse  ot  Snoiiaehaiuik  Blver  at  HiTTtabinv,  Pa.,  ML 
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PATAPSCO  RIVER. 

The  river  rises  in  the  north  central  part  of  Maryland  and  empties 
into  Chesax)eake  Bay  about  13  miles  below  Baltimore.  Its  watert<hed 
is  a  hilly  country,  largely  under  cultivation.  The  station  at  Wood- 
stock, Md. ,  was  established  August  6, 1896,  since  which  time  continu- 
ous records  have  been  kept,  which  have  been  published  in  former 
annual  reports.     The  record  for  1901  is  given  herewith. 

Eatimated  monthly  diitcharge  of  Patapsco  River  cU  Woodstock,  Md, 

iVTBismge  area,  851  square  mileci.] 


Month. 


Discharge  in  aeoond-feet. 


Run-off. 


Maximnm.  >  Minimum. 


Mean. 


Second- 
feet  per 
square 
mile. 


Depth  in 
inches. 


1901. 


January 

Pebmary  .. 

March  ^ 

April 

May 

June 

Jnly 

Angnst 

September  « 

October 

November.. 
December . . 


670  : 

310  ' 

I 

5,075  I 

2,102 

1,600  I 

1,100 

1,600 

5,280 


122 
186 
252 
160 
160 

91 
100 

66 


207 
239 
792 
508 
380 
276 
245 
366 


0.82 
.95 
3.16 
2.02 
1.51 
1.10 
.98 
1.46 


590 
2,000 
8,048 


111 

91 

310 


209 

239 

1,014 


.83 
.95 

4.04 


0.95 
.99 
3.64 
2.25 
1.74 
1.23 
1.13 
1.68 


.96 
1.06 
4.66 


«No  record. 

KorTK.— Oage  heights  and  discharge  measurements  for  1901  are  given  in  Water^upply  Paper 
No.  6S,  page  2S8;  rating  table  on  page  818  of  same  paper. 


POTOMAC  RIVER  AND  TRIBUTARIES. 

Potomac  River  is  formed  by  the  junction  of  the  North  and  South 
branches,  about  15  miles  below  Cumberland,  Md.  Regular  gaging 
stations  have  been  maintained  on  the  North  Branch  at  Piedmont, 
W.  Va.,  on  the  South  Branch  near  Springfield,  W.  Va.,  on  Antietam 
Creek  near  Sharpsburg,  Md.,  on  the  North  Branch  of  Shenandoah 
River  near  Riverton,  Va.,  on  the  South  Branch  of  Shenandoah  River 
near  Front  Royal,  Va.,  on  Shenandoah  River  at  Millville,  W.  Va., 
on  Potomac  River  at  Point  of  Rocks,  Md.,  and  on  Monocacy  River 
near  Frederick,  Md.  During  a  flood  in  the  early  part  of  1902  the 
bridge  and  the  gage  near  Springfield  were  carried  away  and  the  sta- 
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tion  was  abandoned.     It  was  established  June  26, 1899,  and  the  results 
of  the  measurements  for  the  entire  period  are  published  below. 

Estimated  numthly  discharge  of  North  Branch  of  Potomac  River  at  Piedmont, 

W.  Va. 

[Drtdnmge  area,  4ffl  square  miles.] 


Discharge  in  seoond-f  eet. 


Bnn-off. 


Month. 


Haximum. 


Minimum. 


1901. 


January... 
February- 
March  

April 

May 

June 

July 

Augrust  --. 
September 
October . . . 
November. 
December  . 


Mean. 


Seoond- 

f  eet  per 

square 

mile. 


Depth  in 
inchn. 


2,360 

336 

705 

305 

3,480 

305 

4,280 

672 

4,200 

475 

1,720 

390 

3,400 

175 

1,800 

149 

430 

124 

230 

100 

352 

77 

5,240 

202 

The  year 


5,240 


682 

403  I 

1,258 

1,810 

1,422 

937 

482 

423 

224 

130 

137 

1,271 


77 


765 


1.68 

.99 

3.09 

4.45 

3.49 

2.30 

1.18 

1.04 

.55 

.32 

.34 

3.12 

1.88 


1.94 

1.03 

3.56 

4.97 

4.02 

2.57 

1.36 

1.20 

.61 

.37 

.38 

3.60 


25.61 


Note.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  I^per 
No.  66,  page  2S9;  rating  table  on  page  818  of  same  paper. 

EstiTnated  monthly  discharge  of  South  Branch  of  Potomac  River  near  Springfield, 

W,  Va, 

[Drainage  area,  1,440  square  miles.] 


Discharge  in  second-feet. 


Month. 


Maximum.!   Minimum. 


Mean. 


1899. 

July 

August 

September 

October 

November 

I)ecember . . 


730 
400 
400 
890 
2,240 
2, 150 


Bun-off. 


Second- 
feet  per 
square 
mile. 


Depth  in 
iaches. 


240 

358 

0.25 

250 

286 

.20 

250 

333 

.23 

250 

332 

.23 

400 

1,134 

.79 

335 

1,051 

.73 

0. 29 
.23 

.  «* 

,8S 
.84 
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Estimated  monthly  diacharge  ofSouth  Branch  of  Potomac  River  near  Springfield^ 

W,  Va. — ContinTied. 


Month. 


Diflduurge  in  second-feet. 


Maximum. 


Minimum. 


1900. 


Jannary... 
February  . 

March 

April 

May - 

Jiine 

July 

Au^^ist  ... 
September 
October . . . 
November . 
December . 


The  year . . . 

1901. 

January 

February 1  .. 

March 

April 

May -.. 

June- 

Jnly 

Angpost 

September 

October 

November 

December 


4,885 

3,750 

5,415 

3,600 

890 

6,135 

1,790 

780 

980 

600 

5,685 

5,685 

6,135 

4,435 

600 

7, 575 

10, 185 

8,295 

7,035 

3,050 

980 

4,380 

1,070 

1,610 

9,735 


The  year '      10,185 


500 
1,500 
1,070 
285 
265 
540 
250 
280 
280 
285 
265 
335 


280 


335 
500 
490 
730 
980 
890 
250 
265 
285 
265 
250 
335 


Mean. 


Bnn-oif. 


Second- 
feet  per 
sqiiAre 
mile. 


Depth  in 
inches. 


250 


1,579 


1.10         14.95 


KoTX.— Gage  heights  and  diacharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
Na.  05,  page  880;  rating  table  on  page  818  of  same  paper. 
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EstiTnated  monthly  di90harge  of  Antietam  Creek  near  Sharptburg,  Md, 

[Drainage  area,  288  square  mika.] 


Month. 


1901. 


DiBcharge  in  seoond-feet 


Maximum..  •  Minimum 


January  

February 

March . .   

April 

May 

Jiine 

July -  - 

August -  - 

September 

October 

November  1-16. 


128 

154 

2,241 

2, 127 

2,548 

485 

382 

1,058 

416 

281 


Second- 

feet  per 

square 

mile. 


Depth  in 

UftChSK- 


0.26 

.27 

1.00 

2.22 

1.82 

1.28 

.87 

.77 

.58 

.42 

.28 


0.80 

.28 

1.15 

2.48 

2.10 

1.37 

1.00 

.89 

.65 

.48 

.81 


NoTK.— Oage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Wper 
No.  66,  page  230;  rating  table  on  page  318  of  same  paper. 

Eatimated    monthly  discharge  of  North  Branch  of  Shenandoah    River  near 

Rivertori,  Va. 

[Drainage  area,  1,084  square  milee.] 


Discharge  in  second-feet. 


Run-off. 


Month. 


Maximum. 


Minimum. 


Mean. 


1901. 


January . . . 
Februar\'- . 

March 

April . 

May 

June 

July 

August 

September 
October  . . . 
November. 
December . 


The  year 


2,646 

880 

11,270 

15,870 

13, 915 

10, 925 

4,945 

8,450 

2,760 

1,610 

2,070 

14, 145 


15, 870 


215 
240 
190 
747 
920 
1,265 
580 
480 
165 
190 
140 
270 


140 


676 

288 

1,878 

8,622 

2, 578 

2,787 

1,597 

960 

740 

406 

876 

2,911 


Second- 
feet  per 
square 
mile. 


1,527 


0.65 

.28 

1.88 

8.50 

2.49 

2.70 

1.54 

.93 

.72 

.89 

.36 

2.82 


Depth  IB 


I 


1.48 


0.75 
.29 
1.33 
3.90 
2.8: 
3.01 

1.:^ 

LOT 
.80 

.40 
3.^ 


20.  H' 


Note.— Gage  heights  and  discharge  measurements  for  1001  are  giren  in  Water-Supply  Pa^cr 
No.  65,  page  881;  rating  table  on  page  319  of  same  paper. 
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Estimated  monthly  diaeharge  of  South  Branch  of  Shenandoah  River  near  Front 

RoycUf  Va. 

[Drainage  area,  1,569  aqnare  xniles.] 


JiUy 

Aagxist 

September 
October  _ . . 
Noyember 
December - 


Janiuury . . . 
Febmarv  . 

Harch 

April 

May 

Jime 

July 

August  ... 
September 
October . . . 
November. 
December . 


Month. 


1899. 


1900. 


Discharge  in  second-feet. 


Maximum.    Minimum.        Mean. 


The  year 


915 
1,250 

3,  aw 

640 
6,070 
4,090 

10,840 
7,600 

10, 750 
3,640 
1,975 
5,890 
1.100 
750 
1,052 
4,090 
6,790 
5,260 

10,840 


385 
315 
440 
410 
605 
470 


915 
915 
1,640 
1.100 
675 
605 
470 


493 
556 
717 
514 
1,205 
1,093 

2,186 
2,400 
3,482 
1,744 
1, 127 
1,703 
736 


360 

493 

315 

457 

502 

1.020 

535 

1,255 

675 

1,894 

315 

1,500 

Run-off. 


Seoond- 

f eet  per  |  Depth  in 

aqnare  ,  inches, 

mile.  ' 


0.31  ' 
.35  j 
.46  , 
.33  ' 

.it       I 


0 


l_ 


1.39 
1.53 
2.22 
1.11 


79 


1.09 
.46  j 
.31 

.29  ] 
.65  I 
.80 

.89  ;• 

.96 


0.36 
.40 
.51 
.38 
.86 
.81 

1.60 

1.59 

2.56 

1.24 

.83 

1.22 

.53 

.36 

.32 

.75 

.89 

1.08 


12.92 
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Estimated  monthly  dutcharge  of  South  Branch  of  Shenandoah  River  near  Front 

Royal,  Va, — Continued. 


Month. 


January.. 
February 


1901. 


Diacharge  in  aeoond-feet. 


Rnn-off. 


Mazimtim. 


5.200 
1,200 


March 11,020 

April 27,580 

May  -_. 23,980 

June I  11,380 

July I  13,180 

Au^nst 6.340 

September 7,600 

October...     _ 9,220 

November  _     2,920 

December ..     27,580 

The  year I  27,580 


Minimum. 


470 

585 

470 

1,680 

1,640 

1,900 

1,410 

1,052 

675 

712 

605 

1,200 


Moftn. 


Seoond- 

feet  per 

square 

mile. 


Depth  in 
inclieft. 


470 


1,858 
779 
1,909 
6,611 
4,920 
4,279 
3,834 
3,259 
1,807  j 
1,772  i 

930 
4,658 


0.87 
.50 
1.22 
4.21 
8.14 
2.73 
2.44 
2.08 
1.16 
1.13 
.59 
2.97 


3,009 


1.92 


1.00 


52 


1.41 
4.69 
3.62 
3.04 
2.82 
2.40 
1.28 
1.30 
.66 
3.43 


NoTK.— Oa^  heights  and  discharge  measnrements  for  1901  are  given  in  Water-Supply 
No.  65,  page  282;  rating  table  on  page  319  of  same  paper. 

Estimated  monthly  discharge  of  Shenandoah  River  at  MtUvUle,  W,  Va, 

[Drainage  area,  2,805  square  miles.] 


26.17 
Pap«> 


Month. 


Discharge  in  seoond-feet. 


Run-off. 


MaTlmum. 


Minimum.        Mean 


January.. 
February 


1901. 


5,790 
1,950 


March 17,840 


April 

May 

June 

July 

August 

September 
October . . . 
November 


29,520 

29,840 

26,640 

12,880 

2,780 

11,280 

6,320 

3,950 

December 30, 160 


The  year 30,160 


840 
740 
840 
2,515  I 
2,600  I 
3,740  1 
1,310 
1,725 
1,250 
1.140 
940 
1,370 


740 


1,828 
1,272 
8,802 
10,612 
7,674 
7,592 
4,344 
3,480 
2,487 
1,784  ' 
1,866  I 
6,421  I 


Second- 
feet  per 
square 
mile. 


Depth  in 
inches. 


0.61 

.42 

1.10 

3.54 

2.56 

2.54 

1.45 

1.16 

.83 

.60 

.46 

2.14 


0.70 
.44 
1.27 
3.95 
2.96 
2.83 
1,67 
1.34 


4,347 


1.45 


.51 
2.47 


19.76 


NoTK.— Gage  heights  and  discharge  measurements  for  1901  are 
No.  65,  page  888;  rating  table  on  page  319  of  same  paper. 
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Fia.  10.-Dtocli>rBeoC  8heiuuid»li  Blver  at  HlUylUe,  W.  Tk.,  UOI.' 

Eetimated  month!]/  dimharge  of  Potomac  Biver  at  Point  of  Kocki.  Md. 

[Dimiiuge  srea.  e,SU  KiDKre  mll«] 

a  neooud'feel.  Rau-olf. 


feet  per    Deptb  In 


1901.  I 

January 

Febrtiarf I 

Uarcb 

April - ]     1 

May  .- ]    1 

JnJy - ! 

Aa^nst ! 

September ! 

October. .■-.-  — 

November.  __ ' 

December I    1 

The  year .  _ I 

NoTK,— Osge  belghls  knd  dlwharice  n 
fo.  afi.  pace  aS:  nttfos  loble  od  page  ai( 


1.45  ! 

1.G7 

4.28  ! 

4.73 

3.96  1 

S.44 

3.00  ' 

2,28 

1.11  1 

1.28 

4,681  ■ 

.48 

54 

26,43(1  , 

3,74 

: 

16 

14.441)  , 

1.50 

•» 

sg 

«  KlTtm  In  Water.8iipply  Pap^ 


STREAM   MKAeUREMKJfTS    IN   1901. 


Pio.  11.— DiacluTKe  of  PotoniBc  Blver  at  Point  of  Bocta,  Ud..  IWl. 

Ettimaled  tnoiilhly  dixehargr  of  Moaocaey  River  neor  Frederick,  Md, 

(Drainage  ftrea,  M&  square  mllesj. 


m  In  WaUr-Sopiriy  Paper 


NlWCtJ^.] 
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JAMBS  RIVER  AND  TRIBUTARIES. 

Records  of  measurements  have  been  kept  as  in  previous  years  on 
North  (of  James)  River  at  Glasgow,  Va. ;  on  James  River  at  Bu- 
chanan, Va.,  Holeomb  Rock,  Va.,  and  at  Cartersville,  Va.  A  station 
was  established  on  Appomattox  River  at  Mattoax,  Ya.,  on  August  26, 
1900,  and  was  maintained  during  1901.  The  results  of  measurements 
at  this  station  for  the  entire  period  are  given  below.  No  results  are 
here  given  for  the  station  at  Holeomb  Rock,  as  no  discharge  measure- 
ments are  made  at  that  place. 

Estimated  monthly  discharge  of  North  {of  James)  River  at  OUugow,  Va. 

[DmioAge  are*,  881  square  milee.] 


Discharge  in  seoond-f eet. 


Month. 


Haximnm.  >  Minimum. 


1001. 


January.  . 
Febmarr  . 
March 

April  

May. 
June    .   .    . 

July 

August 

September 
October  _ . . 
November. 
December . 


8,602 
400 

7,  aw 

12, 170 

12, 170 

14,015 

2,100 

7,060 

3,008 

845 

450 

24,060 


The  year 24,060 


280 
280 
280 
720 
650 
685 
400 
330 
450 
280 
250 
280 

250 


Mean. 


Rnn-oif 


Seoond- 

f  eet  per  |  Depth  in 

Bqnare  '  inches.  ' 

mUe.  ' 

. i___ 


761 

880 

1,757 

8,124 

1,006 

2,246 

847 

1,703 

724 

305 

280 

3,240 


1,418 


0.00 

.41 

2.11 

3.76 

2.40 

2.60 

1.02 

2.16 

.87 

.48 

.35 

8.00 

1.75 


1.04 

.43 

2.44 

4.20 

2.77 

3.00 

1.18 

2.40 

.07 

.55 

.80 

4.50 


23.06 


NoTK.— -Qage  heights  and  discharge  naeasurements  for  IfiOl  are  given  in  Water-Snpply  Paper 
No.  65^  page  985;  rating  table  on  page  819  of  same  paper.  f 
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[No.  To 


NSWBI«L.l 
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Estimated  monthly  discharge  of  James  River  at  Buchanan,  Va. 

[Drainage  area,  2,068  square  miles.] 


Discharge  in  eecond-f  eet. 


Month. 


MaximnTn.  i  Minimum. 


Mean. 


1901. 
Jamiary  .   18,»56 


Febmary  . 

March 

April 

May 

Jnne 

JiUy 

An^nst 

September 
October... 
November: 
December - 


The  year 


1,900  I 
16,580  \ 
25,820 
31,620  I 
25,028 

6,18S  1 
2C,276  \ 

9,980  I 

1,650  I 

840  [ 

48,260  I 


48,260 


760 

750 

750 

2,870 

1,650 

1,980 

840. 

750* 

670 

540 

430 

540 

430 


2,739 

1,284 
3,786 
8,589 
5,882 
5,609 
2,594 
4,683 
1,605 
726 
518 
6,736 

3,725 


Rim-off. 


Seoond- 

feetper 

square 

mile. 


1. 

• 

1. 

4. 

2. 

2. 

1. 
o 


Depth  in 
inches. 


3. 


33 

60  I 

84 

17 

86 

72 

26 

27 

78 

35  ! 

25  ' 

27  I 


1.81 


1.53 

.62 

2.12 

4.65 

8.30 

3.03 

1.45 

2.62 

.87 

.40 

.28 

3.77 

24.64 


NoTB.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  OK,  page  886;  rating  table  on  page  819  of  same  paper. 

Estimated  monthly  discharge  of  James  River  at  Cartersville,  Va. 

[Drainage  area,  6,288  square  miles.] 


Discharge  in  second-feet. 


Run-off. 


Month. 


Maximunk. 


Minimmn. 


1901. 


Jazmary . . . 
February.. 

March 

April 

May  

June 

Jnly  

AXLgUSt 

September. 
C>ctober . . 
November. 
December  . 


The  year 


34,880 
4,666 
29,600 
62,765 
75,800 
53,360 
17,390 
47,090 
26,300 
12,200 
9,390 
75, 470 


75,800 


2,755 
2,668 
2,411 
6,765 
5,300 
7,240 
3,021 
2,496 
3,294 
2,327 
2,078 
2,582 


Mean. 


Second- 
feet  per 
square 
mile. 


2,078 


9,220 

3,648 

8,217 

24,509 

17,762 

17, 172 

7, 750 

16,668 

6,836 

3, 725 

2,816 

15,926 


11,187 


1.48 

.59 

1.32 

3.93 

2.85 

2.76 

1.24 

2.67 

1.10 

.60 

.45 

2.56 

1.80 


Depth  in 
inchee. 


1.71 

.61 

1.52 

4.38 

3.29 

3.08 

1.43 

3.08 

1.23 

.69 

.50 

2.95 


24.47 


^OTK.— Oage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
Ko.  6e»«  P*8o  ^B8B;  rating  table  on  page  819  of  same  paper. 


aTBEAM   UEASUBEMENTB    IM   1 


Fio.  IS.— Dlacbarce  ot  Jamaa  BlT«r  M  ChrtaniTflto,  Ta.,  1101. 
£af  jmated  nMmfMy  ducharge  of  Appomattox  Biver  at  Mattoax,  Va. 

[Dnlnage  km.  T46  Bqnue  miles.] 


.] 


NOBTHEBN   ATLANTIO   COAST   DBAIKAOE. 


45 


PBECIPITATION  IN  THE   BASIN  OP  JAMES  BIYEB. 

The  principal  observations  of  rainfall  made  within  the  James  River 
Basin  are  at  the  stations  enumerated  in  the  following  table,  which 
also  gives  their  geographic  location,  elevation  above  sea  level,  and 
length  of  record  of  observations.  The  relative  location  of  the  points 
is  shown  in  flg.  12,  in  connection  with  the  points  of  river  measure- 
ment, which  are  located  at  Buchanan,  Glasgow,  Holcomb  Rock, 
Cartersville,  and  Mattoax. 

Location  of  rainfall  stations  in  James  River  Basin, 


Station. 

County. 

State. 

Latitade. 

Longitude. 

1 
Elevation. 

Length 
of  record. 

Hannv^r 

Virginia... 
do 

o        / 

37  46 

0         / 

77  80 

Feet. 
220 
500 
900' 
326 
560  1 

2.760  ; 

1,047 
H50  I 

i;i4  i 

316 
47 
2,196  , 

946  1 

681 
11 

172 

Yean, 
9-10 

Barbounnrille 

0<^nge 

6-6 

Bedford<^ty 

Bedford 

do 

10-12 

Ttmair 

CheBterfleld 

do 

7-8 

do 

5-8 

Clifton  Forge 

Dale  Enterprise  . . 
Doewell 

Montgomery 

Alleghany 

Rockinghapi 

Hanover 

Prince  Edward.. 
Spottsylvania  . . . 

Bath 

Rockbridge 

Campbell 

Dinwiddle 

Henrico. 

Roanoke 

Greene 

Aagosta 

do 

do 

do 

do 

87    5 
8750 
38  40 

80  23 
79  56 

78  46 

12-16 
4^ 
22 
4^ 

Farmyille 

do 

3-5 

Prederlcksburg. . . 
Hot  SvrinsB 

do 

do 

7-9 
7-10 

T^pxf  nKton 

do 

25-31 

Lynchbarg 

Petersburg 

Hir.bTnO«nd   .    , 

do 

...  .do 

do 

do 

87  25 
37  12 
37  82 

79    9 
77  20 
77  28 

2»« 
14-16 
22-24 

Hali^m                  ,  . 

11-12 

Stanardiwille 

do 

. 

1,150, 

1,840 

1 

10-11 

Btannton 

do 

38    9 

79    4 

13-16 

The  following  table  gives  the  figures  of  normal  or  average  monthly 
precipitation  from  the  beginning  of  the  record  and  including  1901, 
together  with  the  total  precipitation  by  months  for  the  years  1896 
to  1901,  and  also  the  annual  totals.  In  obtaining  the  normal  precipi- 
tation the  average  is  taken  for  all  of  the  months  during  which  obser- 
vations were  made. 

Precipitation  at  stations  in  drainage  basin  of  James  River, 

ASHLAND,  VA. 


Tear. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July, 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

An- 
nual. 

"Normal 

2.98 
2.35 
1.62 
1.61 
8.84 
8.29 
3.11 

3.38 
3.56 
6.26 

.78 
4.60 
5.09 

.86 

3.41 
4.12 
4.66 
4.18 
5.82 
2.62 
a82 

8.78 
2.00 
2.82 
5.09 
1.11 
a42 
5.66 

4.90    3.86 

5.25 
6.64 
4.98 
4.42 
6.76 
1.62 
6.82 

8.58 

1.46 

2.28 
4.82 
5.11 
1.21 
10.18 

3.65 
5.49 
.80 
2.86 
4.48 
3.47 
3.89 

3.70 
.56 
6.98 
4.33. 
3.96 
3.63 
1.40 

2.57 
2.42 
8.47 
1.98 
1.57 
2.48 
1.40 

2.45 
.51 
2.67 
8.33 
2.42 
2.88 
5.40 

42.86 

1886 

3.87 
3.01 
6.05 
3.14 
2.50 
6.46 

3.67 
3.64 
3.94 
2.88 
5  25 
1.40 

86.15 

1887 

42.88 

1886 

48.84 

1889 

45.21 

1900 

1901 

87.45 
48.85 
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Precipitation  at  stations  in  drainage  basin  of  James  River — Omtixnied. 

BARBOUBBVILLE,  VA. 


Tear. 


Jan. 


Feb.  I  Mar. 


I 


Normal 

1806 

1897 

1808 

1899 

1900 

1901 


8.36 


3.0i 

(3.04) 

1.76 

2.80  '  .72 
8.76  I  6.66 
4.17  I  4.46 


a45 


..|  2.78 

I 


(a  36)  (a  45) 

6.66  !  2.71 
4.68 

(a  46) 
a6o 

42     2.80 


Apr. 

May.  June. 

a  40 

5.58 

4.10 

(a  40) 

<5.58) 

(4.10) 

2.06 

6.04 

a63 

a  19 

7.66 

a97 

1.81 

2.60 

2.80 

2.50 

1.41 

5.63 

7.46 

10.28 

4.46 

July.'  Ang.  Sept 


Oct. 

Not. 

2.23 

2.52 

.28 

4.  OB 

4.66 

2.16 

(2.28) 

(2.58) 

a  60 

1.65 

2.35 

2.48 

.47 

2.S7 

Dec. 


Ab- 


ao6 

.06 

ase 

(a  66) 
aoi 

2.80  1 
8.51 


4&a 
eio 
SB.:? 
4as 

41.S 

38.(6 
S7.S 


BEDFOBD  CITY,  VA. 


Normal I  2.89 


1806. 
1897. 
1808. 
1809. 
1900. 
1901. 


2.89 

a54 

a  21 

a  18 

4.21 

8.16 

4.30 

5.13 

1.89 

1.82 

(2.89) 

(a54) 

a  10 

1.50 

a  70 

2.48 

1.02 

4.  OB 

a  21 

7.81 

a  96 

(a  54) 

(8.21)  (3.13) 

(4.21) 

4.89 

5.67 

1.56 

ao8 

2.02 

2.68 

.00 

a  72 

6.18 

4.99 

a  58 
(a  58) 
a  68 

2.53 
5.76 
4.67 
4.24 


a  75 

(a  75) 

l.TO 
4.26 
5.22 
a  65 


4.76 
a65 
.87 
a  67 
6.86 
1.31 


5.07  15.17 


a69 

a  81 

6.75 

(a  31) 

1.00 

a  63 

4.08 

8.66 

4.27 

2.18 

5.80 

aoB 

2.73 

.43 

2.33 
5.00 
2.52 
2.05 
.60 
1.87 
1.34 


a29 

caso) 


3.55 ; 

4.16 

Lee , 

4.25 

a  10 

41JI 
41S8 
31.S 
47.«6 
44,  as 
41S 
5&.S0 


BON  AIR,  VA. 


Normal 

1806 

1897 

1898 

1809 

1000 

1001 


a  19 

a  89 

4.31 

2.08 

4.21 

a  08 

1.90 

6.27 

5.00 

1.72 

.81 

a  48 

4.28    5.86  '  6.28 

2.54 

4.10    2.58 

a  79 

.60 

4.28 

4.13 
2.22 
2.62 
4.71 
1.48 
4.87 
5.68 


aos 

a  09 

5.03 

a7i 

a6i 

a44 

2.78 

4.21 

6.11 

7.13 

1.96 

4.61 

.89 

a27 

2.46 

2.11 

a  74 

1.T8 

.86 

6.52 

4.37 

6.05 

2.34 

a  60 

4.74 

a  22 

4.80 

ao8 

2.16 

2.83 

4.24 

5.34 

5.56 

a43 

.86 

2.47 

a  67 

2.40 

1.15 

a  64 

a97    2.99  j 

4.19 

2.61 

8.86 

9.66 

asi 

.00 

7.71 

a  17 

1.27 
4.01 

as5 

1.95 

a  00 

8.04 


41.M 
4L« 

44. 9D 

38l{C 
S2.« 


BUCKINGHAM,  VA. 


Normal 

1806 

1897 

1898 

1899 

1900 

1901 


a  82 

8.46 

a  94 

a  24 

4.19 

2.83 

a  81 

4.76 

4.14 

a  30 

a  74 

(a  94) 

2.02 

4.96 

4.41 

6.06 

2.27 

4.88 

.92 

6.70 

8.56 

2.95 

ao2 

1.90 

2.92 

.78 

1.06 

2.00 

.40 

2.28 

a  20 

a  53 

1.75 

5.00 

a  90 

2.08 

4.58 

5.61 

a  05 

1.94 

4.36 

a  29 

2.97 

7.46 

4.76 

a  02 

5.42 

a  45 

2.92 

2.65 

5.62 

a  21 

2.22 

2.66 

a  49 

.60 

2.40 

6.40 

a8.47 

2.46 

2.49 

18.75 

6.02 

a  13 

.29 
4.78 
6.60 
a35 
2.10 

.46 


2.24 
a  79 


8.80 
T. 


I 


a  47 

2.77 

2.17 

8.56 

.88 

l.TO 

a46 

3.  OS 

.30 

7.43 

4LS6 

30.48 
91.  n 
3112 

laff 

4Q.S 


CHBISTIAN8BUBG,  VA. 


Normal !  2.68 

1896 1  1.07     2.64 


1897. 
1808. 
1890. 
1900. 


...,  1.50 
...'  2.78 
...'  4.07 
...1,2.00 


a  08 

8.55 

236 

4.30 

a  63 

a  60 

a  53 

a  59 

a  12 

1.96 

2:13 

2.64 

6.36 

2.80 

a  91 

a  76 

6.94 

1.21 

5.20 

1.15 

a72 

.60, 

6.80 

a  62 

1.76 

2.88 

2.04 

4.34 

a  28 

2.18 

a  88 

.81   a«6 

,80 

a  OK 

1.98 

5.86 

2.52 

4.21 

ai3 

4.17 

5.11 

2.28 

8.54 

4.97 

7.11 

a  36 

a  89 

4.52 

2.64 

a92 

4.01 

1.11 

2.42 

8.08 

a  53 

6.87 

2.24 

4.34 

8.87 

1.37 

2.38 

5.67 

a  85 

aio 

aao 

37.  C 

ao.s 

as.  74 

38.0^ 
4&» 

16  01 


CLIPTON  FOBGE,  VA. 


Normal 

1896 

1897 

1808 

1809 

1900 

1901 


2.08 

a  06 

a  49 

2.00 

4.51 

3.17 

2.78 

a  05 

a  15 

a97 

aeo 

(2.08) 

(a  06) 

(a  49) 

(2.60)  (4.51) 

(9.17) 

(2.78) 

(a  06) 

6.43 

.28 

a56 

2.85 

5.19 

ad5 

1.13 

4.46 

a  83 

a78 

4.82 

.46 

2.87 

2.64 

2.06 

.51 

a  24 

258 

4.13 

1.28 

a  69 

2.78    a65 

7.92 

(2.80) 

1.49     4.29 

a  70 

(2.69) 

(4.51) 

1.65 

1.42 

2.12      .31 

.89      .38 

1.78     4.92 

2.67  ,  2.10 

aoo 

4.23 

2.25       .77  i  5.02  '  5.46 

4.U 

2.12 

.36 

4. 60 

4.96 

6.65 

4.85 

(2.78) 

5.24 

a  08 

.40 

.76 

1. 

T. 

a54 

2.33 

1.23 

.80 

2.00 


3&.# 

37.* 

ar.tf 

84.* 
87.« 

36lI9 


a  Incomplete. 


NEWELL] 
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Precipitation  at  stcUions  in  drainage  basin  of  James  River — Continued. 

DALE  ENTERPRISE,  VA. 


Year. 


Normal i  2.68 

1896 

1887 

1888 

IcW). ......  ... 

1900 

lan 


Jan. 

Feb. 

2.68 

3.19 

1.75 

8.40 

1  56 

5.64 

2.37 

.61 

1.87 

5.67 

3.80 

2.87 

2.04 

.28 

Mar. 

Apr.  May.  June. 

1 

3.26 

3.17     4.W 

5.36 

3.70  1  1.19  !  1.99 

5.17 

2.40 

1.70 

5.87 

2.88 

3.90 

2.91 

4.94 

4.83 

4.34 

1.21 

3.75 

1.86 

8.38 

1.70 

8.06 

8.01 

3.86 

5.78 

5.11 

I4.arr 

Jnly.lAng.  Bept.  Oct. 


4.31  I  3.89  I  3.95 

5.69  I  1.65  ;  7.85 

4.15  !  .68  I    .43 

6.24  '  9.54  I  2.23 

3.15  2.18  I  4.40 

3.47  2.44  I  8.28 

4.83  6.86  I  3.84 


2.98 
.16 
2.55 
7.39 
1.75 
2.45 
2.06 


Nov. 

Dec. 

2.89 

2.63 

4.30 

•    •>«••   a 

2.40 

3.23 

1.82 

3.60 

.91 

1.00 

3.11 

1.61 

1.39 

6.37 

DOSWELL,  VA. 


Normal... 

1897 

1898 

1899 

1900 

1901 


2.98     2.20 
3.15   (2.20) 
i.eo  I    .79 
4.26  I  4.68 
(2.98)1  3.82 


2.72 


.02 


3.37 

3.15 

3.21 

2.46 

8  85 

4.14 

2.68 

4.10 

1.90 

2.70 

2.38 

2.09 

2.40      .70, 

4.85 

5.28 

3.82 

2.26 

5.28 

(4.14) 

2.80' 

4.90 

.06 

2.45 

2.22 

2.45 

(4.14) 

4.50 

1.50 

2.89 

2.40 

2.28 

2.01 

.92 

1.58 

1.96 

4.78 

4.68 

3.14 

4.99 

9.11 

8.82 

2.97  I  3.02     1.98 

5.60  '  2.57  I  2.80 

(2.97)'  8.47  '  1.16 


2.02 
2.73 
1.51 


(8.02)'(1.98) 
(3. 02) '(1.98) 
(3.08)1(1.98) 


An- 
nual. 


42.68 
34.73 
82.99 
50.38 
31.99 
37.58 
56.89 


85.46 
38.59 
37.82 
37.68 
27.56 
41.76 


Normal 2.38 


1897. 
1898. 
1899. 
1900. 
1901. 


(2.38) 
.65 

8.65 
(2.38) 

2.95 


4.24 

4.60 

(4.24) 

4.20 

(4.24) 

8.09 

6.14 

9.72 

5.15 

2.87 

1.45 

8.10 

PARMVILLE, 

VA. 

1 
3.85     4.88  i  4.88 

4.77  1  3.16 

2.41 

2.65 

1.78 

8.51 

40.95 

1.01     8.65 

3.85 

6.98 

.88 

T. 

4.83 

1.60 

1.91 

84.88 

4.23    5.'49 

2.80 

6.68 

8.67 

3.01 

4.81 

2.25 

8.85 

44.28 

1.82    2.84 

4.61 

2.50 

8.02 

2.98     2.01 

1.95 

1.08 

47.16 

8.80  1  2.48     8.19 

3.58 

1.82 

2.68     1.48 

1.82 

4.00 

80.75 

6.00  1  9.97     2.20 

1           ' 

4.20 

1.95 

3.40  i    .10 

1.40 

02.80 

089.02 

FREDERICKSBURG,  VA. 


Normal.-'.-.....-   2.68 


1896. 
1897. 
1888. 
1899. 
1900. 
1901. 


1.54 


1.70 

8.17 

4.61 

8.16 

8.00 

8.82 

3.47 

8.54 

4.67 

8.68 

8.«5 

8.85     1.90 

4.60 

5.41 

6.40 

3.02 

2.81 

4.59 

8.63 

1.19 

4.55 

4.28 

7.47 

2.02 

6.79 

5.41 

1.50 

5.18 

8.^ 

4.73 

8.00 

8.88 

1.17 

7.00 

.50 

8.02 

6.84 

d.JKi 

2.56 

4.06 
5.50 
5.04 
8.10 
3.39 
2.81 
5.88 


8. 
1. 
2. 
4. 
4. 


87 
28 
04 
41 
45 
96 
28 


2.95 
4.98 
.68 
1.19 
5.86 
4. 86 
2.48 


8.42 
.14 
5.25 
5.89 
4.88 
5.82 
.46 


2.18 

2.96 

2.60 

.08 

1.99 

8.17 

2.07 

4.01 

1.69 

1.82 

2.09 

3.43 

1.58 

7.90 

HOT  SPRINGS,  VA- 


Normal 2.42 


1896. 
1897. 
189H. 
1899. 
1900. 
1901. 


(2.42) 
2.15 
1.99 
2.84 
2.31 
2.38 


8.87 

3.21 

8.68 

5.80 

6.96 

2.80 

.79 

4.1Q 

8.18 

5,91 

^.m 

2.84 

.23 

3,91 

2.88  1  4.86 

4.16 

8.89 

.94  1  8.68     8.79 

4.47 

1.21    5.78    8.52 

8.26 

(2.88) 

(4.38)  (4.16) 

5.11 

1.58 

2.84 

8.78 

6.72 

1.79 

3.50 

4.46 

5.25 

8.26 

7.74 

6.22 

3.79 

8. 
4. 
1. 
8. 
8. 
1. 
6. 


39 
16 
08 
00 
45 
79 
22 


.8.35 
6.42 

.63 
3.90 

.86 
4.91 
4.20 


LEXINGTON,  VA. 


Normal 

1896 

1897 

1898.. ....... 

.1«99 

I 

1900 

1901 


..   8.35 

.1  2.9:3 

..,  i.76 


2.58 

3.79 

2.92 

I  8.0d 


.8.27 

8.80 

3.03 

8.79 

4.21 

4.97 

1.11 

1.56 

5.79 

3.44 

1..58 

4.68 

.77 

.3.47 

2.59 

5.81 

5.41 

6.69 

1.25 

5.00 

4.88 

4.08 

2.78 

2.70 

J>7 

3.97 

5.40 

4.61 

8.62 
^.31 
8.88 
4.72 
2.62 
7.49 
(.3. 62) 


3.98 

8.10 

U.  Ov 

4.44 
8.18 
8.12 

(8.98) 


40.66 
85.48 
89.88 
42.88 
47.88 
41.95 
45.88 


3.27 

2.11 

8.11 

80.97 

.47 

5.16 

.19 

41.18 

2.11 

2.02 

8.98 

85.54 

11.80 

(2.11) 

2.78 

51.88 

5.24 

.50 

1.28 

42.13 

4.83 

(2.11) 

2.70 

41.85 

.70 

2.35 

9.50 

55.45 

1           1 
3.78  1  4.03    2.85 

2.90 

2.75 

40.60 

5.65 

5.88 

.31 

5.86 

.15 

44.52 

3.08 

1.09 

2.56 

2.44 

8.42 

87.06 

6.24 

3.61 

7.83 

2.10 

2.90 

47.06 

5.41 

4.01 

2.08 

.50 

1.47 

41.41 

1.12 

3.79 

8.08 

2.73 

2.21 

"40.30 

(3.78) 

(4.08) 

(2,06) 

1.82 

8.12 

44.40 

CI  Incomplete. 
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Precipitation  at  station*  in  drainage  basin  of  James  Biver — Ocmtinned. 

LYNCHBURG,  VA. 


Teftr. 

Jan. 
a89 

aso 
a  19 

2.10 
4.05 
4.86 

aso 

Feb. 

Mar. 

Apr. 

Kay.  Jnne. 

July. 
4.20 

Aug. 

Sept. 

Oct, 

Not. 

Dec. 

An- 
nual 

Normal 

a  68 

1 

aoi  1  8.28 

4  16 

a62 

4.13 

ao4 

.94 
a  82 
7.50 

a29 

12.86 

a80 

7.06 
1.12 
4.60 
4.54 
4.78 

a  17 

a  25 

1.07 
7.83 

a87 
a4o 

.48 

a88 
4.92 
a24 

a  61 
a22 
asi 

1.47 

ais 

.18 

asr 

4.85 
1.74 

aio 
a7S 

4S.» 

1806 

4.54    5.54  !  1.61 

5.01 
4.27 
9.08 
a  09 

4.  or 

5.34 

a  82 
aTo 
ao8 

4.84 
a  81 
4. 96 

a  58 
a75 

7.17 

a87 

1.92 
4.88 

48.  M 

1807 

1898 

1800 

7.84 

.74 

5.86 

4.88 

.78 

a  46 
a  25 

0.01 
4.85 

ao8 
a  04 

1.52 

a  74 

40.ffi 
49.« 
5191 

1900 

47.10 

1901 

a66 

5.06 

54.81 

PETERSBURG,  VA. 


Normal 

1806 

1897 

1808 

1800 

1900 

1901 


a79 

a  22 

a78 

1.91 

7.25 

a  90 

a52 

a  40 

a  19 

4.90 

a  85 

a  57 

1.78 

4.16 

aw 

aso 

1.69 

a4o 

5.00 

a  12 

a  81 

4.84 

a78 

4.13 

a44 

aao 

a66 

a  88 

.70 

ao6 

.68 

ass 

1.96 

a  72 

1.20 

1.60 

4.86 

a78 

a66 

4.74 

a  88 

asi 

a38 

a48 

2.04 

a  18 

a  81 

4.00 

a  05 

1.26 

1.07 

4.14 

a  42 

a  67 

a82 

4.87 

a88 

a64 

7.18 

a45 

aTi 

a46 

ai5 

45.06 
«.n 
37.56 
85. 4( 
4a  71 
41.71 
45.86 


RTOHHOND, 

VA. 

Normal 

8.06 

8.64 

a  81     8.71 

a  00 
a  28 
a  14 
a  20 
a  80 

aao 
a96 
a  41 
ao6 
a  82 

4.62 
4.15 
4.12 
a  18 

a  06 

a  16 
asi 
a  61 
a66 
a  99 

4.16 

a  88 
a  21 

4.  OB 

a2i 

a4i 

4.50 
4.06 

a  55 

.79 

as8 
a22 

1.19 

a  87 

1.37 

a40 
ao6 
a38 
aoo 
ao8 

44.73 

1808 

1.05 
a  04 

a  71 
a  80 

1.05 

4.72 

4.42 

.56 

a  78 
a  56 

a  89 
a79 

4.83 
a  04 
a68 

a  29 

41.05 

1800 

1000 

1001 

^30 
37.16 
4a  OB 

SALEM,  VA. 


Normal  . 

a  04 

a  82 

1.69 

a  06 
a  37 
a  78 
a  20 

aeo 

4.37 

7.56 

.58 

a  00 

4.06 
.76 

a75 

a  77 
a  78 
a35 
a  87 

4.80 

a4S 

a  06 
a46 

1.66 
l.OO 

aso 
aso 
aoi 

4.34 

a  01 

4.06 

a  74 
a35 
aia 

a  21 

a67 

4.70 
1.31 

a  82 
a  27 

4.20 

7.85 

4.00 
a  58 

a64 
a  06 
a46 
a  41 
a  02 

4.60 
1.41 
1.76 
4.14 
4.44 
.88 
10.00 

a  87 
4.«B 
a66 
a66 
4.44 
a48 

aso 

ao7 

.63 
4.17 

a68 
aoB 
a  18 

.71 

L94 

a  16 

1.25 
1.60 
1.24 

LOT 

ao6 

.41 

a82 

as8 
ai8 

(8.06) 

a  71 

4a  06 

1896 

1897 

41.18 
37.0B 

1808 

44.00 

1800 

4LS 

1900 

1901 

41.01 
57.96 

STANARDSVILLE,  VA. 


Normal.. 

1806 

1807 

1808 

1800 

1000 

1901 

Normal .. 

1806 

1807 

1806 

1809 

1900 

1901 


a  64 

ao2 

4.61 

a38 

4.57 

4.68 

a72 

a58 

a89 

aao 

a  74 

1.8B 

a  78 

a  13 

7.41. 

ao7 

a  41 

.11 

a34 

T. 

a  51 

1.86 

4.45 

a  51 

7.70 

a27 

.61 

a  81 

a68 

4.40 

4.52 

a  24 

a  72 

a  51 

a  22 

a06 

an 

12.01 

a46    4.20  { 

a  25 

1.47 

ass 

a  74 

a  15 

4.14 

a  17 

a87 

1.62 

aio ! 

(a  64) 

a  77 

1.13 

a  87 

a  OB 

.97 

4.40 

4.017 

(a  89) 

(a  10) 

4.84 

a  62 

aso 

a  76 

a  51 

a90 

aoB 

(8.68) 

1.70 

4.90 

4a  79 


san 
4La) 

87.81 
5&21 


STAUNTON,  VA. 


a  61 

a55 

.92 

a  89 
a  46 
aoi 

2.29 


aoB 

a  40 

a  91 

455 

a  98 

a  29 

a55 

a84 

a97 

a28 

a66 

a  81 

4.41 

1.38 

4.13 

a  58 

aio 

a92 

a  06 

.28 

aoi 

T. 

a  09 

a  66 

1.66 

a  75 

ai8 

aTo 

a  80 

.78 

a84 

a  14 

an 

.55 

aio 

a  95 

4.82 

a  16 

4.41 

a  16 

a22 

7.18 

L74 

aoo 

4.89 

a  15 

1.56 

a64 

1.89 

1.88 

a  46 

a  89 

ao6 

.90 

1.14 

a  88 

a  45 

a  27 

a  19 

a66  1  a57 

a  34 

a  64 

4  66 

a86 

ao5 

.32 

aoo 

a  42 

7.88 

4.07 1  ad9 

a7i 

a46 

.61 

1.M 

au 

4au 

SLOB 
51.8 


mcwiSLjj.] 
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Depth  of  run-off^  in  itichesy  front  the  drainage  basin  of  north  (of  James)  Siver 

at  Glasgow,  Va, 


Year. 


18BT. 
1896. 
1899. 
1900. 
1901. 


Average 


Jan. 

Ffeb. 
a99 

Mar. 

2.se 

Apr. 
1.19 

May.  June.  July. 
2.83  1  0.02    0.51 

Aug. 
0.31 

Sept. 
0.23 

Oct. 

Nov. 

Dec. 
0.72 

An- 
nual. 

0.33 

0.28  1  0.82 

18.95 

.99 

.53 

1.28 

200 

2.88  !    .80 

.72 

2.38 

.41 

2.48     1.28 

1.39 

16.50 

<  2.05 

2.88 

a4.44 

1.08 

.77  '    .30  ,    .24 

.28 

.31 

.24      .31 

.33 

18.13 

1.41 

2.32 

2.91 

1.29 

.82     1.36 

.48 

.81 

.37 

.56  1  1.06 

1.28 

14.08 

1.04 

.43 

2.12 

2.44 

4.20 
1.94 

2.77     8.00 

1.18 

2.49 

.97 
.46 

.55 

.39 

4.50 
1.68 

23.96 

1.22 

1 

2.68 

1.91  '  1.2S       .63 

1 

1.15 

.82 

.68 

16.34 

a 

Approximate. 

Depth  of  run-off,  in  inches,  from  the  drainage  basin  of  James  River  at  Buchanan, 

Va. 


Year. 

,  Jan.    Feb. 

1 

Mar.   Apr. 

May. 

1           ' 
June.  July. 

1 
Aug.  Sept.  Oct. 

Nov. 

Dec. 

1 

An- 
nual 

18iW 

1  0.48     3.75 

1.90    0.88 

1.86 

0.52    0.54 

0.36    0.28    0.23 

0.20 

1 

0.54  ' 

1 

11.40 

1898 

1.06  ,    .55     1.29  1  1.98 

1.9K 

.48  ,    .47 

1.84       .49     1.98 

1.08     1.20 

14.85 

1899 

'  1.88    3.QB     4.53  ]  1.68     1.99 

1.05       .80       .26       .38       .21 

.24       .38  , 

15.86 

1900 

1.27  '  2.10    3.21  1  1.44       .66 

1.17       .42  1    .28       .32      .84 

2.01     1.66 

15.32 

1901 

'  1.58       .62 

1 

2.12  1  4.65 

8.30 

8.QB     1.45  '  8.62       .87  i    .40 

1 

.28     3.77 

24.64 

Average  . . . 

1.23  '  2.01     2.61  .  2.12  |  1.96 

1           ,                      1 

1.25      .64  1  l.Ott       .45  1    .78 

1                      1 

.76  1  1.51  ' 

16.33 

Depth  of  run-off,  in  inches,  from  the  drainage  basin  of  James  River  at  Car- 

tersville,  Va. 


Year. 


1809. 
1900. 
1901. 


Jan. 

4.55 
1.53 
1.71 


Feb. ;  Mar.  Apr. ,  May. 'June.  July.  Aug.  Sept.  Oct 


Average  ...   2. 60 


3.35 

1.96 

.61 


1.97 


4.56  I  1.07  >  1.29 


2.55 
1.52 


1.81 
4.38 


.  Ml 

3.29 


0.62 
1.87 
3.08 


0.32 

.47 

1.48 


2.87  I  2.62 


1.82 


1.09 


.74 


0.54  !  0.52  I  0.31 

.25  I    .30  '    .67 

3.08     1.23      .69 


Nov. 

0.50 
1.18 


Dec. 

0.51 
1.48 


.50    2.95 


1.29 


.68  ,     .56  I    .74 


1.65 


An- 
nual. 


18.82 
14.41 
24.47 


19.23 


Depth  of  rnn-i}ff,  in  inches,  from  the  drainage  basin  of  Appomattox  River  at 

Mattoax,  Va. 


1                 1 

Year.           ,  Jan.    Feb. 

Mar. 

Apr.  May. 

1  "  ■ 

1           1 
June.  July.  Aug.  Sept. 

Oct. 

Nov. 

Dec. 

An- 
nual. 

1900 ' 

1                     1 
.  .  ..             ...     0.28 

0.28 

0.36 

n..<iO 

1901 1.62    0.47 

0.80 

3.64 

8.22 

0.64     0.81     4.12  !     .67 

.52 

.47  I  2.26 

19.61 

Average...   1.52      .47 

.80     3.64 

1 

3.22 

.64       .81     4.12       .67 

.52 

.47     2.26 

19.61 

IRR  75 — 02 4 
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STBEAH  MEA8UB£M£NTS  IN   1901. 


[NaTSi 


RainfaJl  and  ruri-offin  James  River  Basin, 


Station. 

Normal. 

1806. 

1»7. 

1808. 

1800. 

1900. 

1»L 

RAINFAIX. 
AflhlflTld  „ 

42.86 
43.61 
41.69 
43.73 
41.95 
87.47 
85.28 
42.62 
85.46 
40.95 
40.66 
39.97 
40.69 
43.99 
45.02 
44.78 
42.08 
42.79 
38.92 

36.15 
42.10 
44.53 
41.94 
39.63 
39.36 
37.09 
34.73 

35.48 
41.13 
44.52 
46.64 

42.78 

42.89 
38.78 
81.68 
41.69 
34.71 
86.74 
87.92 
32.99 
32.59 
84.88 
89.82 
35.54 
37.06 
40.08 
37.56 

43.34 
43.96 
47.96 
42.49 
36.42 
38.00 
37.46 
50.88 
37.82 
44.22 
42.88 
51.88 
47.06 
49.93 
36.44 
41.65 
44.00 
52.19 
40.13 

43.59 

45.21 
41.58 
44.85 
44.20 
48.90 
42.60 
24.68 
81.99 
37.58 
47.16 
47.88 
42.13 
41.41 
52.91 
45.71 
43.30 
41.83 
41.50 
36.87 

i 

37.45 
38.05 
42.35 
36.87 
40.36 
46.01 
87.91 
37.52 
27.56 
39.75 
41.95 
41.85 
40.30 
47.10 
41.71 
37.76 
41.02 
37.81 
39.02 

49.85 

Barbonrville 

57.26 

BedfordCity 

55.50 

BoTuur       ... 

52.66 

■R-pfilHtighMn 

52.26 

ChristiansTKirg 

CliftonForse 

36.68 

Dale  Enterprise 

56.29 

Dos  well 

41.75 

Farmville _ 

39.03 

Fredericksborfl: 

45.38 

Hot  SprinfiTB __ 

55.45 

Lexington 

LynchbnrK _ 

44.40 
54.81 

PeteTBbnrg 

Richmond 

45.86 
42.05 

Salem 

41.18 
39.87 
46.15 

37.08 
40.80 
31.98 

57.26 

StanardHville 

Stftnnton , 

52.21 
51.18 

Averase 

41.29 

15.29 
11.68 

40.83 

36.93 

42.20 

39.60 

49.38 

RUN-OFF. 

North  (of  James)  at  Glasgow 
James  at  Bnchanan 

18.14 
10.77 

13.95 
11.49 

16.59 
14.35 

13.13 
15.86 
18.82 

«14.08 
15.32 
14.41 

23.96 
24.64 

James  at  Cartersville 

24.47 

Appomattox  at  Mattoax 

19.61 

Average  run-oflf 

13. 49     14. 46 

12.72 

15.47 

15.94 

14.60 

23.17 

Percentage  of  rainfall 

32.67  ;  35.42 

84.44 

35.49 

37.75 

36.87 

46.93 

a  Approximate. 
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SOUTHBBN  ATTiANTIC  COAST  BBAIXAGi;. 

Systematic  measurements  of  discharge  of  many  of  the  larger  rivers 
of  the  Southern  Atlantic  States  have  been  made  daring  the  year. 
The  drainage  areas  of  the  rivers  in  that  region  are  in  general  similar. 
Most  of  the  streams  rise  in  the  southern  Appalachian  Mountains  or 
their  foothills.  In  the  upper  part  of  their  courses  they  are  rapid, 
with  considerable  fall.  Across  the  Piedmont  Plain  their  valleys  are 
wide  and  their  flow  in  general  is  sluggish,  with  occasional  falls  over 
rocky  beds.  Many  of  them  have  falls  that  could  be  utilized  for  water 
power,  and  it  is  largely  to  that  end  that  data  of  the  flow  are  being 
collected.  In  the  study  of  water  power  it  is  important  to  know  the 
flow  and  the  fall.  The  fall  can  readily  be  determined  by  an  engi- 
neer,  but  the  variations  in  flow  often  require  long  and  careful  study. 
Gaging  stations,  to  determine  the  latter,  have  been  established  on 
nearly  all  of  the  larger  streams  in  the  region,  and  it  is  hoped  that  in 
the  near  future  our  information  of  their  fall  will  be  extended. 

The  stations  maintained  by  the  survey  in  previous  years  were  kept 
up  during  1901  on  the  following  rivers:  On  Roanoke  River  and  tribu- 
taries; on  Cape  Pear,  Yadkin,  and  Catawba  rivers;  on  Savannah 
River  and  tributaries;  on  Oconee  River  and  tributaries,  and  on 
Ocmulgee  River.  New  stations  were  established  in  Georgia  during 
1901  on  Middle  Oconee  River  near  Athens;  on  Oconee  River  at  Bar- 
nett  Shoals;  on  Apalachee  River  near  Buckhead;  on  Alcovy  River 
near  Covington;  and  on  Ocmulgee  River  near  Flovilla. 

The  results  for  the  year  1901,  where  available,  are  given  on  the 
following  pages.  In  addition  to  these  so-called  permanent  stations, 
many  temporary  stations  are  being  maintained  on  streams  in  the 
Southern  Appalachian  region,  the  results  for  which  will  be  found  in 
the  water-supply  papers  on  operations  at  river  stations. 

Storms  of  considerable  magnitude  and  duration  during  May  and 
June,  1901,  were  the  cause  of  high  floods  on  the  rivers  draining  from 
the  Appalachian  region  into  the  Atlantic  and  the  Gulf  of  Mexico. 
The  damage  caused  by  the  freshets  on  some  of  the  rivers  was  very 
heavy,  particularly  along  the  Catawba  and  Yadkin  rivers,  and  along 
Cane  Creek  and  Elkhom  Creek,  in  McDowell  County,  W.  Va. 
Although  the  precipitation  in  these  instances  was  unusually  great, 
the  rapidity  and  the  violence  of  the  run-off  must  be  attributed  in  no 
small  measure  to  the  partial  deforestation  that  has  taken  place  at  the 
headwaters  of  these  streams.  The  accompanying  illustrations  will 
famish  an  idea  of  the  nature  of  the  havoc  wrought  in  some  localities. 
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STREAM   MEASUREMENTS   IN  1901. 


[No.  15. 


ROANOKE  RIVER. 

Estimated  monthly  discharge  of  Staunton  River  at  Randolph^  Vd. 

[Drainage  area,  S^OTd  sqiiare  miles.] 


Discharge  in  second-feet. 


Bnn-off. 


Month. 


,  Maxininni.    Minimom. 


1900. 


September 
October .  - . 
November 
December . 


8, 625 
17.900 
13.100 
18,600 


Mean. 


1901. 


Jannary  .. 
February  . 

March 

April 

May 

June  -  -. 

JiQy 

August  ... 
September 
October  . . . 
November. 
December . 


35, 980 

3,860 

14, 850 

36,910 

37, 940 

9, 750 

30. 980 

45. 100 

6, 955 

6, 725 

5, 260 

75,100 


1,120 
1,350 
2,025 
2,550 

2,550  ' 
2,410  ' 
2,340  i 
3,580 
2,980 


1,878 
2,597 
2,938 
3,944 

5, 362, 
2.948 

4,000 
9,620  I 
8,148  ' 


Second- 
feet  per     Depth  in 
square        inches, 
mile. 


0.61 
.84 
.96 

1.28 


0.68 

.97 

1.07 

1.48 


1.74  : 
.98  i 
4.30 
3.13 
2.65 


2.01 
1.02 
1.50 
3.49 
3.16 


3, 140 

4,759 

1.55 

1.73 

2,690 

6,259 

2.03 

2.34 

2, 620 

13,  lai 

4.29 

4.94 

2,620 

3,998 

1.30 

1.45 

2, 795 

3,346 

1.09 

1.36 

2, 725 

2,984 

.97 

1.08 

2,830 

9,621 
6,186 

3.13 
2.01 

3.61 

2,340 

27,50 

The  year 75,100 


Note.— Gage  heights  and  discharge  measurements  for  1001  are  given  in  Water-Supply  Paper 
No.  65,  page  239;  rating  table  on  page  819  of  same  paper. 

Estimated  monthly  discharge  of  Dan  River  at  South  Boston,  Va. 

[Drainage  area,  2,750  square  miles.] 


Discharge  in  seoond-feet. 


Bun-olf. 


Month. 


1900. 


September 
October . . . 
November  - 
December  _ 


1 
Maximum. 

Minimum. 

Mean. 

Seoond- 
feet  per 
square 
mile. 

I>eiytl&in 
Ixxches. 

7, 605 

700 

1,430 

0.52 

0.58 

6, 500 

1,200 

1,842 

.67 

4. 600 

1,360 

1,804 

.66 

.74 

,       15. 100 

1 

2, 075 

2, 7^5 

1.01 

1.16 

NBWELL.] 


SOUTHERN    ATLANTIC   COAST   DRAINAGE. 
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Estimated  monthly  discharge  of  Dan  River  at  South  Boston^  Va, — Contiimed. 


Month. 


January . . . 
February  . 

March 

April 

May 

June 

July 

Angast  ... 
September 
October . .  _ 
November 
December . 


1901, 


The  year 


Dificharsre  in  seoond-feet. 


Maxlmmn. 


Minimum. 


21,965 

2,675 

25,000 

38,800 

45,600 

3,100 

44,200 

36,600 

5,100 

4,100 

3,730 

51,200 


51,200 


1,860 
1,600 
1,600 
2,875 
2,300 
1,925 
2,150 
1,860 
2, 150 
1,860 
1,730 
2,000 

1,600 


Run-off. 


Mean. 

Second- 
feet  per 
square 
mile. 

1.23 

Depth  in 
inches. 

3,387 

1.42 

2,042 

.74 

.77 

3,504 

1.27 

1.46 

6,382 

2.32 

2.59 

7,297 

2.65 

3.06 

2,292 

.83 

.93 

6,132 

2.23 

2.58 

9,866 

3.59 

4.14 

2,902 

1.06 

1.18 

2,353 

.86 

.99 

2,032 

.74 

.83 

6,875 

2.50 

2.89 

4,589 

1.67 

22.84 

NoTB.— Oage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Pai)er 
No.  66,  page  240;  rating  table  on  page  319  of  same  paper. 

Estimated  monthly  discharge  of  Roanoke  River  at  Roanoke,  Va, 

[Drainage  area,  888  square  miles.] 


Month. 


January... 
February  . 

March 

April 

May 

June 

July 

Augost  ... 
September 
October . . . 
November. 
December. 


1901. 


The  year 


Discharge  in  secon 

d-feet. 
Mean. 

Run- 

Second- 
feet  per 
square 
mile. 

off. 

Maximum. 

Minimum. 

Depth  in 
inches. 

1 

3,367 

187 

522 

1.35 

1.56 

374 

140 

245 

.63 

.66 

3, 233 

170 

559 

1.44 

1.66 

8,924 

429 

1,837 

4.73 

5.27 

17, 016 

349 

2,396 

6.18 

7.13 

2,094 

429 

.      940 

2.42 

2.70 

4,372 

205 

924 

2.38 

2.75 

18, 104 

240 

2,098 

5. 41 

6.23 

1,156 

260 

435 

1.12 

.  1.25 

723 

205 

277 

• 

.71 

.82 

280 

170 

199 

.51 

.57 

15, 044 

170 

1,488 
993 

3.84 
2.56 

4.43 

18,104 

140 

35.03 

Note.— Oage  heights  and  duwharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  6&,  page  241;  rating  table  on  imge  319  of  same  pai)er. 


STREAM   HEASUREHEHT8   IN   1901. 

Ettimateil  monthly  discharge  of  Boanoke  River  at  Neal,  N.  C. 

[DtkIiu^  ares,  S,TI'  sqiure  iiil]».] 

Dlsclurge  Id  necoiid-teet.  Bun- 


feet  per  j  Depth  in 


IflOl. 

Janoary 34,125  ' 

Febmary 

March 41,550  | 

April 56,960  ; 

May 

Jnne- - ---.  27,  (MO 

Jnly  ___ 51, aw  ^ 

AUffOBt 

September _  30, 550 

October 1S,»80 

November..- '        8,.'«r> 

December  . .     52, 586 


The  year . 


85,2 


4,980 
5.240 
5,305 
4,190 
3.130 
4,190 
3,980 
4,400  I 


5,186 
9.370 
24.914  I 
20,817  [ 
11,138 
15,898  ' 
30,897  I 
10,919  ' 
6,963 
4,637 
14,865  j 

13,763  : 


imenls  for  Itni  are  stTsa  in 


.53 
1.70 

1.58 

Watar-Supi 


1.23 
3.19 


}.  U.-DiHcliarKe  ol  Boanoke  Blver  at  Neal,  S.  C,  ItOL 


NBWKLL.] 


80UTHEBN    ATLANTIC   COAST   DBAIKA6E. 
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CAPE  FEAR  RIVER. 

Estimated  monthly  discharge  of  Deep  River  at  Cumnock,  N,  C. 

[Drainage  area,  1,110  square  miles.] 


Mcmtli. 


1900. 
Jidy  (ISdays)-... 

Angtifit 

September 

October 

November 

December 

1901. 

January 

February 

March 

April 

May 

June 

Jnly 

August 

September 

October 

November 

December . . 


Discharge  in  second-feet. 


Run-off. 


Maximum. 


Minimnm. 


394 
8, 990 

274  , 
4,550 
5,190 


4,830 

2,990 

27,100 

9,075 

6,820 

9,918 

13,540 

14, 135 

10, 950 

1,125 

334 

16,696 


The  year   27,100 


72 
116 

80 
106 
126 


Mean. 


274 
138 
308 
139 
368 
878 


250 
262 
181 
95 
80 
334 
322 
322 
298 
322 
250 
274 


827 

656 

3,564 

1,958 

989 

2,129 

2,500 

4,179 

1,805 

434 

286 

1,824 


80 


1,763 


Becond- 

feet  per 

square 

mile. 


Depth  in 
inches. 


0.25 
.12 

.28 
.12  I 
.33  j 
.79  I 

.75  [ 

.59 
3.21 
1.76 

.89 
1.92 
2.25 
3.76  I 
1.63 

.39 

.26 
1.64 


1.59 


0.17 
.14 
.31 
.14 
.37 
.91 


.86 

.61 

3.70 

1.96 

1.03 

2.14 

2.60 

4.34 

1.82 

.45 

.29 

1.89 

21.69 


Note.— Gage  heights  and  discharge  measurements  for  1901 
No.  65,  page  843;  rating  table  on  page  8B30  of  same  paper. 


are  given  in  Water-Supply  Paper 
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STREAM   MEASUREMENTS   IN   1901. 


[No.  73. 


Estimated  monthly  discharge  of  Cape  Fear  River  at  FayetteviUe^  N,  C. 

[Drainage  area,  4,4i86  square  mileB.] 


Month. 


Discharge  in  seoond-f eet. 


1901. 

January 

Fel)ruary 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year  _ . 


Maximnm. 


7,120 

4,850 

28,050 

49,065 

71,625 

11,800 

87, 675 

43,450 

41,350 

4,450 

2,440 

27,200 


Mlnimnm. 


Mean. 


Bun-off. 


71,625 


1,600 
1,560 
1,200 
2,440 
1,560 
1,760 
1,520 
1,440 
1,600 
1,400 
1,400 
1,440 


3,048 
2,659 
4,209 
9,624 

11,502 
4,852 
8,072 

13,965 
7,296 
2,342 
1,555 
8,828 


Second- 
feet  per 
square 
mile. 


Depth  in 
inches. 


1,200  6,038 


0.68 

.59 

.94 

2.14 

2.56 

.97 

1.80 

3.11 

1.62 

.52 

.85 

.85 


1.34 


•0.T8 
.61 
1.08 
2.39 
2.aT» 
1.08 
2.08 

1.81 
.60 
.39 
.98 


18.  :A 


Note.— Gkkge  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply-  Paper 
No.  65,  page  244;  rating  table  on  page  SSO  of  same  paper. 

8ec.-ft. 
40,000 


.35,000 


30,000 


25,000 


20,000 


15,(10f) 


10,000 


5,000 


JAN.      FEB.      HAR.      APR.      1 
10  20       10  20      10  20       »>20     M 

4  AY      JUNE      JULY       AUO       SEPT.      0( 
0  20       10  20      10  20       10  20       10  20       K> 

:t:"      NOV.       DEC 
20       10  20       10  20 

i 

I      1  11    1 

■ 
1 

i 
1 

: 

: :  : :: 

t  it 

^i        .111 

[lift 

1 

Vli'TIIII  '  11  W 'T  11     ti'"W 

.^            L      'L 

Pio.  15.— Discharge  of  Cape  Pear  River  at  Fayetteville,  N.  C,  1901. 


-  ^-?fTOMb'«jtJ**' JW-  J  ■' 


\p^,m't^    ■■'■ 


'H£*T   FIELD   W*SHED  OUT  A 


t~]  80UTHEBN   ATLANTIC   COAST  DEAISAGE. 

YADKIN  RIVER. 
Eflimated  monthlp  ditetiarge  of  Yadkin  River  at  SaliabuTT/,  N.  C. 
[Dralnkse  mres,  S,BBII  aqiure  miles.} 


DlschftTKe  in  Bacood-foet, 


1 


I    feet  per     Dqilh  in 


January 

Febmary, . . 
March 

May 

July 

Angnst. 

September, . 

October 

November.. 
December  . . 


Theye«r 104,640 


2,685 
4,180 

4,000 
4,540 


S,100 
3,380 


i84 

1.55 

1.78 

*r 

1.03 

1.07 

t22 

1.74 

2.01 

87 
52 
50 

4.06 

4.58 
3.78 
8.59 

t55 

3.40 

2.87 

«9 

4.86 

S.60 

64 

1.09 

2.32 

16 

1.51 

1.74 

18S 

1.08 

1.20 

•on 

8.68 

4.24 

186 

3.54 

34.64 

la  for  tSin  are  glren  In  Water-Supply  Paper 


Fio.  IB.— DiacbarKa  of  Yadkin  River  at  Salinbury,  N.  C„  IHU. 
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STREAM   MEASUREMENTS   IN   1901. 


[No.  73. 


CATAWBA  RIVER. 

Estimated  monthly  dutcfiarge  of  Catawba  River  at  Catawba,  N.  O. 

[Drainage  area,  1,514  square  miles.] 


Month. 


Discharge  in  second-feet. 


M«.T<iwT|fn, 


1901. 


Jannary... 
February  . 

March 

April  1-20. 

May 

June 

July. 

August 

September 
October . . . 
November. 
December  . 


17,240 

4,175 

38, 375 


81,500 

24,540 
6,655 

40,250 
6,590 
4,120 
3,500 

45,875 


Minimum. 


2,720 
2,720 
2,a55 


3,150 
2,810 
2, 275 
2,450 
2,495 
2,315 
2,000 
2,090 


Mean. 


8,777 
3,009 
5,130 
9,911 
8,260 
5,358 
3,383 
10,326 
3,493 
2,601 
2,311 
5,830 


Run-off. 


Second- 
feetiwr 


mile 


2.49 
1.99 
3.39 
6.55 
5.46 
3.54 
3.23 
6.82 
2.31 
1.72 
1.53 
3.a5 


DeptliiQ 
iifechi>s 


2.u: 

3.91 
4.87 
6.29 
3.a5 
2.57 

T.s: 

2..SS 
1.9S 
1.71 
4.44 


Note.— Gage  heights  and  discharge  measurements  for  IflOl  are  given  in  Water-Snpply  Paper 
No.  65,  page  247;  rating  table  on  page  390  of  same  paper. 
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a.     CKIKH^t.   RIVER  AT  CATAWBA,   N.  C,  SHOWING   BANKS  WASHED 


I't.l  SOUTHEBN   ATLANTIC   COAST   DBAINAQE.  59 

Entimated  monthty  dieduirge  of  Catawba  River  near  Rockhill,  S.  C. 
[Draliu^  uw.  2,087  oqnun  mlln.] 


DlBcIutrge  in  secoDd-fe 


Jtauaaj 

February  .. 

Marct 

April _ 

May 

Jtin« 

Jnly 

AngTut 

September  . 
October.... 
Novranber.- 
December  _. 


36,500 

7,750 

57,260 

1OT,860 

127,850 

80,000 

30,400 

«4,135 

14.850 

8,650 

4,545 

99,850 


3,825 
3,665 
8,505 
4.625 
4,145 
4,625 


4,850  , 
4,145 


1.78 

3.08 

1.42 

1.48 

2.42 

2.79 

6.20 

5.90 

4.79 

5.52 

Theyear 127, aw  | 


2,89 

2.67 

1.67 

1.93 

1.38 

1.64 

4.61 

5.81 

3.10 

43.32 

«  given  In  Water-HQppl;  Paper 


FiQ.  lT.-J>iKliarKe  at  Cktawba  Btrer  D«ar  Bockhlll,  B.  C,  19DL 


60  BTBEAM   MEA8UEEMENT8   IN   1901.  [Soil 

BROAD  RIVER  (OF  THE  CAROLINAS). 

Etlimated  monthly  discharge  of  Broad  River  {of  the  Carolina*)  near  Altlon,  S.  C. 

[DraioKlte  am,  i.9»  aqnwe  miles.] 

Dlsdutnte  In  second-feet.  Bnn-off . 


1B4I1. 

Jaonary 

Febniary 

March  - 

April 

May-.-- 

June .    - - 

July- 13,350 

AngnBt-  - ■    104,225 

September    

October 

November.- --. .. 

December    

The  year 


Sffooa- 

Hlnlmnm. 

Hon. 

■ST 

33,550 

4,105 

7,237 

1.57 

32,100 

3,816 

7,775 

1.69 

100,087 

3,340 

11,784 

3.56 

103,300 

5,075 

23,480 

4.88 

131,050 

3,765 

15,331 

3.33 

54,675 

4.540 

18.666 

3.9« 

13,350 

4,400 

9,349 

1.38 

104,225 

3,765 

30,201 

6.56 

89,426 

6,750 

18,113 

3. 98 

14,  aw 

5, 075 

7,123 

1.55 

6,960 

4,860 

4892 

1.07 

131,837 

4,450 

16,457 
18,451 

3.57 
2.92 

181,050 

3,340 

for  1«ni  ore  given  ta  Wmtsr-Snpplr  P*p* 


1  of  Broad  River  (of  the  CarollnM)  n«r  Alston,  B.  O.,  ISO. 


-]  80UTHEBN    ATLiNTIO    COAST   DRAINAGE. 

SALUDA  RIVER. 
Ettimated  monthly  ditebarge  of  Saluda  River  at  Waterloo.  H.  C. 
[DnlnBge  areK,  1.066  aqnan  mUea.] 

DlachHYs  in  aeooDd-foet.  i  Bau-ol 


J&Dnat7 

Febmary  __ 

March 

April  

May 

July 

August 

September.. 

October 

November.. 
December  .. 


11,213 

1,046  1 

10,906 

650  ! 

13,810 

1,114! 

3,474 

750  1 

12.028 

430 

12,878 

1,558  ; 

8,783 

1,148 

1.9ft4 

626  [ 

13,868 

5S6 

13.878 

480 

ento  lor  1901 

"^^^ 

1.74 

2.01 

l.»« 

3.04 

3.09 

3.41 

3.30 

8.57 

3.40 

2.77 

3.97 

8.81 

1.41 

1.63 

4.89 

5.41 

3..'>9 

4.01 

1,361  ' 
3,709  1 


FtO.  le.— DliKlukTKe  of  Salads  Biver  at  Waterloo,  B.  C,  19DL 
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STREAM   MEASUBEMENTH   IK  1901. 


[ITatS. 


SAVANNAH  RIVER. 

Estimated  monthly  discharge  of  TaUulah  River  ad  TaUtUah  FaUs^  On, 

[Dndoage  ftna,  ISL  aqnare  mUfis.] 


Month. 


1901. 


January  . . 
Pebmary  . 

March 

April 

May 

Jnne 

Jnly 

Angnst 

September 
October  . . . 
November. 
December . 


The  year 


Diacliargie  in  seccmd-f eet. 


'  MftxiinYun. 


Vfatwi^wi. 


Mean. 


1,365 
4,550 
3,850 
5,250 
1,050 


587 
461 
770  j 
540 
540 


875 

429 

4,690 

391 

2,030 

640 

613 

429 

429 

391 

6,650 

391 

6,650 

391 

«810 

687 

976 

1,424 

1,065 

817 

625 

1,608 

1,358 

511 

398 

1,013 


941 


Rnn-oir. 


Second- 
feet  per   '  DqiUi  in 
square       inches, 
mile. 


4.24 
3.60 
5.11 
7.46 
5.58 
4.28 
3.27 
8.42 
7.11 
2.68 
2.06 
5.30 


\ 


4.93 


4.89 

3.75 

5.89 

8.33 

6.43 

4.7b 
.-%  •• 

6.H 
9.71 
7.93 
3.09 
2.32 
6,11 

66.99 


o  Approximate. 
Note.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water^npply  Paper 
No.  65,  page  251;  rating  table  on  page  SBM)  of  same  paper. 
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Estimated  monthly  discharge  of  Tugaloo  River  near  Madison,  S.  C. 

[Drainage  area,  (W8  square  miles.] 


Month. 


1901. 


January  .   

February  _  .  . . 
March  _ .       ... 

April 

May 

June 

July 

Aug^ust 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Run-off. 


Maximum,  i  Minimum. 


1 


8,780 

4,380 

15, 540 

16,4e0 

12,540 

6,140 

2,800 

13,660 

6,620 

2,060 

1,226 

14,860 

16,460 


1,180 
1,180 
1,135 
2,060 
1,475 
1,475 
1,180 
1,045 
1,860 
1,225 
960 
960 


Mean. 


960 


2,153 
1,719 
2,444 
3,804 
2,932 
2,549 
1,570 
4,876 
3,047 
1,542 
1,091 
2,577 

2,525 


Second- 
feet  i)er 
square 
mile. 


3.63  I 

2.90  I 

4.12 

6.42  , 

4.95 

4.30 

2.65 

8.22 

5. 14 

2.60 

1.84 

4.35 


Depth  in 
inches. 


4.26 


4.19 
8.02 
4.75 
5'.  16 
5.71 
4.80 
3.06 
9.48 
5.74 
3.00 
2.05 
5.01 


57.97 


Note.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  65,  page  252;  rating  table  on  page  820  of  same  paper. 

Estimated  monthly  discharge  of  Savannah  River  near  Calhoun  Falls^  S.  C. 

[Drainage  area,  2,712  square  miles.] 


Discharge  in  second-feet. 


Run-off. 


Month. 


Maximum. 


Minimum. 


1901. 

January _ . .  i  16, 95§ 

February ._ j  19,560 

March ..- I  62,625 

April ....!  40,875 

May '  35.220 


June 

July 

Angnst 

September 

October 

November 

December 

The  year 


47,400 
8, 2,50 

48, 705 

65, 670 
5,640 
2,280 

68, 715 

68.715 


4,335 
3, 150 
2,690 
7,380 
3,900 
5, 640 
2,910 
2.910 
3, 500 
2,280 
1,660 
1,870 


Mean. 


1,660 


7,113 
5,817 
9,040 

13, 006 
8, 895 

11,193 
4, 800 

15, 328 

10, 066 
3,578 
1,911 

10,411 

8,430 


Second- 
feet  per 
square 
mile. 


2.62 
2.14 
3.33 
4.80 
3.28 
4.13 
1.77 
5.65 
3.71 
1.32 
.70 
3.84 

3.10 


Depth  in 
inches. 


3.02 
2.23 
3.84 
5.35 
3.78 
4.61 
2.04 
6.51 
4.14 
1.52 
.78 
4.43 

42. 25 


Note.— Oage  heights  and  discharge  measurements  for  1901  are  giron  in  Water-Supply  Paper 
No.  66,  page  268;  rating  table  on  page  820  of  same  paper. 


8TBEAM   MEASUBEMZHT8   IN   1901.  (NalL 

Eitimated  monthly  dUeharge  of  Samnnah  Siver  at  Aiiguita,  Qa, 

DlacbBTse  In  aecond-teM.  |  Bnn-oll. 

™.      '   feet  per  iDepaii. 


Jftnoary.  . . 
Febmary  . . 

M»y 

July    - 

AoKUHt 

September  . 

October 

November . . 
December  .. 


111,020 
77,600 
78.730 
10,480 
93,560 

111,920 


7,440 
6,600 

10,400 


6,350  I 
5,600 


1.96  I 

2.97  '' 


3.46 
2.10 


14,200  1 

7,120 

9,173  ' 

1.26 

1. 

7,920  ' 

7,120 

7,547  j 

i.oa 

I. 

107.520 

7,120 

18,566 

2.54 

■i- 

111,020 

5.600 

18.447  i 

3. 2d 

30. 

■e  glvea  In  WMar.8a|iply  Vvfer 


8n.<ioa 


FlO.  20,— DUchsrge  of  BaTUDwh  Rive 


HXWELL.] 


SOUTnEBH'   ATLANTIC   COAST   DBAHTAOE. 
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Estimated  monthly  discharge  of  Broad  River  (of  Georgia)  near  Carlton,  Oa, 

[l>nAoB%»  area,  74B  fiqiiare  milee.] 


Diflchax^re  in  seoond-feet. 


Run-off. 


Month. 


1901. 


January... 
Febmary  . 

March 

April  . 

May 

Jtine 

July 

Angoflt  ... 
September 
October ... 
November. 
December . 


Mazimnm. 


Minimum. 


Mean. 


The  year 


11,575 
6,715 

15^288 

12,182  ! 
6,715 

11,170 
4,550 
9,550 

16,080 
2,750 
1,010 

22,915  I 

22,915 


940 

1,010 
870 

1,080 
870 

1,010 
800 
780 

1,010 
870 
870 
870 


730 


2,098 
1,697 
2,266 
2,421 
1,673 
2,854 
1,270 
3,196 
2,158 
1,083 
898 
2,769 


Second- 
feet  per 
■qnare 
mile. 

Depth  in 
inchea. 

2.75 

3.17 

2.23 

2.32 

2.97 

3.42 

3.18 

3.55 

2.20 

2.54 

3.09 

3.44 

1.67 

1.98 

4.19 

4.83 

2.82 

3.14 

1.42 

1.64 

1.18 

1.82 

3.63 

4.18 

Note.— Qage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Sniiply  Paper 
No.  65,  page  S66;  rating  table  on  page  321  of  same  paper.  * 

ALTAMAHA  RIVER. 

Estimated  monthly  discharge  of  Middle  Oconee  River  near  Athens,  Cki. 

[Drainage  area,  985  square  miles.] 


Month. 


1901. 


November. 
December. 


Discharge  In  second-feet. 


Run-off. 


Maximum.    Minimum. 


572 
I       12,900 


430 
464 


Mean. 


Second- 
feet  per 
square 
mile. 


486 
1,373 


1.23 
3.48 


I 


Depth  in 
inches. 


1.87 
4.01 


Note.— Gtage  heights  and  discharge  measurements  for  1001  are  given  in  Water-Supply  Paper 
No.  65,  page  257;  rating  table  on  page  381  of  same  paper. 

IBR  75—02 5 


I 
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STREAM   MEASUBEMXNTS   nr   1901.  ['o.^ 

Estimated  monthly  discharge  of  Oconee  River  at  Bamett  Shoals,  Oa. 

[Drainase  area,  885  square  miles.] 


Discharge  in  second-feet. 


Run-off. 


Month. 


1901. 


August  13-31 
September  . . 
October  . . . 
November.    . 
December .  - 


Maximum.    Minimum 


9,542 

1,958 

918 

16, 410 


824 
780 
780 
780 


Mean. 


Second- 
feet  per     Depth  in 


square 
mile. 


inches. 


4,092 

1,763 

916 

801 

2,294 


4.90 
2.11 
1.10 
.96 
2.75  ! 


3.46 
2.:i5 
l.?7 
1.07 
3.17 


Note.— Ckbge  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  65,  page  257;  rating  table  on  page  821  of  same  paper. 

Estimated  monthly  discharge  of  Apalachee  River  near  BucJchead,  Chi, 

[Drainage  area,  440  square  miles.] 


Discharge  in  second-feet. 


Run>off. 


Month. 


Maximum. 


1901. 

March    - .  - 

April  .  _ 

May  .   .   _ . 

June  -    .  -   - 

July 

August 

September 

October 

November 

December 


Minimum. 


Mean. 


Second- 
feet  per   ,  Depth  is 
square        inches, 
mile. 


2,972  i 
3,660 
1,680  ^ 
2, 147  ' 
1,460 
2,697 
3,247 
525 
415 
5,772 


470 

552 

388 

552 

333 

305 

305 

280  I 

280  i 

333  I 


847 
1,123 
553 
910 
582  . 
896  I 
711 
349 
326 
1,027 


1.92 
2.55 
1.26 
2.07 
1.32 
2.04 
1.62 
.79 
.74 
2.33 


1.45 

2.:n 

2.  So 

1.81 

.91 

.S3 

2.69 


Note.— Oage  heights  and  dischai^e  measurements  for  1901  are  given  in  Water-Supply  Pap«r 
No.  65,  i>age  258;  rating  table  on  page  821  of  same  paper. 
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oLoet    Mo  un  t ain 
oMorieUa 


o  Oainesville 


oLlthko. 


o  Auburn 
oATliAhn'A    o  LawrencevUle 


pninl  Peter^ 
Beu^ett  ShoeJa 


Carey     q 
Union  Point 


0  Cordele 


10 

ft5 


oKeynolds 


o  l^Im-8hall  ville 


o  Harrison 


Stillxnore 


ontagerold 


'River  stations 


ORainfall  stotiooa 


Fio.  21.— Ijocation  ot  river  and  rainfall  stations  in  basins  of  Oconee  and  Ocxnnlgee  riyera 


STEEAM   M£A8CKEH£NTS   IN   1901. 
monthljf  discharge  of  Oconee  River  near  Dublin,  Oa. 
[DnlUBga  are^  4,lS>aqiura  mllw.] 


DiscbBrse  in  second-feel 


Second-   ' 

feet  per     DepUi  in 
sqiikre     I  inches. 


Jannary  .. 
February  . 

March 

April 

May 

Jnly 

AnguBt  ... 


October 

November. . 


16,706 
17.872 
18,670 
35,634 
9,094 
12,856 
7,270 
11,602 
21,976 
5,674 
3,743 
&,664 


5,105 
4,670 


2,743 
4,199 
2,559 
2,080 

2,126 
2,178 


9,896 
9,815 
0,494 
13,844 


i.oe 

1.55 


2.60 
2.32 


1.22 
20.98 


«  slveD  in  W»tiir-Snppl7  Paper 


1.  Si,— DiBchUYe  ot  Ogonee  River  D 


LT  Dublin,  Oa..  UOL 


mtWKLL..] 
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Estimated  monthly  discharge  of  Alcovy  River  near  Covington,  Oa. 

[Drainage  area,  228  square  miles.] 


Month. 


1901. 
May  _ 

June 

July 

August 

September  ...  . . 

October 

November 

December     . 


Discharge  in  second-feet. 


Mazlmnm. 

Minimnm. 

593 

162 

821 

198 

840 

148 

1,080 

111 

935 

152 

555 

152 

278 

162 

1,144 

162 

1 

Run-off. 


Mean. 


271 
442 
377 
682 
861 
228 
183 
393 


Second- 
feet  per   I  Depth  in 
square       inches, 
mile. 


1.87 
2.16 
1.90 
2.94 
1.76 
1.15 
.89 
1.98 


\    Note.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  66,  page  260;  rating  table  on  page  321  of  same  paper. 

Estimated  m/mthly  discharge  of  Yellow  River  at  Almon,  Oa, 

[Drainage  area,  379  square  miles.] 


Month. 


1901. 


January . .. 
February  . 

March 

April  

May 

June 

July 

August  . . . 
September 
October  . . . 
November 
December 


Maximum. 


3,070 
5, 020 
3,070 
4,591 
2,095 
1,900 
3,070 
3, 070 
3,070 
925 
406 
6,970 


The  year 


6,970 


arge  in  secon 

d-feet. 
Mean. 

Run-off. 

1 

Minimum. 

I 

Second- 
feet  per 
square 
mile. 

Depth  in 
inches. 

511  1 

934 

2.46 

2.84 

455 

1,076 

2.84 

2.96 

361 

710 

1.87 

2.16 

482 

1,221 

3.22 

2.59 

1 

!            320 

551 

1.45 

1.67 

406 

741 

1.96 

2.19 

i            250 

j 

488 

1.29 

1.49 

235 

988 

2.61 

3.01 

361 

655 

1.73 

1.93 

266 

397 

1 .  05 

1.21 

250 

320 

.84 

.94 

283 
235 

880 
947 

2.32 

2.68 

1.97 

25.67 

Note.— Gage  heights  and  discharge  measurements  for  1901  are  given  m  Water-Supply  Paper 
No  65,  page  261;  rating  table  on  page  321  of  same  paper. 
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t:fo.7S. 


Estimated  monthly  discharge  of  Ocmulgee  River  near  Flovilla,  Oa. 

[Drainage  area,  1,600  sqiiare  milee.] 


Angast  .-- 
September 
October .  _  _ 
November 
December . 


Month. 


1901. 


Discharge  in  Hecond-feet. 

Rnn-(>ff. 

Second- 
feet  per   '  De] 
Bqoare        im 
mile. 

Maximum. 

Minimum. : 

1 

Mean. 

pthin 
cheA. 

7,987 

1 
885 

2,916 

1.94 

2.S4 

8,451 

1,087 

2,219 

1.48 

1.65 

2,837 

907 

1,223 

.82 

.94 

1,138 

907 

1,598 

1.06 

1.18 

1 1 , 850 

907  ! 

2,531 

1.69 

1.95 

Note.— Oage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Kupplj-  Papc^r 
No.  66,  iMige  282;  rating  table  on  page  821  of  same  paper. 

Estimated  monthly  discharge  of  Towaliga  River  near  Juliette,  Ga. 

[Drainage  area,  850  square  miles.] 


January... 
February  _ 

March 

April  ...   . 

May 

June  -   - 
July .       . 
Augpist  . . 
September 
October . . . 
November . 
December  . 


Month. 


1901. 


The  vear 


Discharge 

in  second-feet. 

Rnn-olT. 
Second- 

1 

Maximum. 

Minimum. 

Mean. 

feet  per 

square 

mile. 

Depth  in 
inchf«. 

1,178 

1 

1 

327 

602  ' 

1.72 

1.98 

1,461 

345 

576 

1.65 

1.72 

1,965 

309 

520 

1.49 

1.72 

2,379 

363 

707 

2.03 

2.3o 

1,245 

255 

380 

1.09 ; 

1.26 

88.5 

237 

440 

1.26  ' 

1.41 

1,533 

144 

337 

.96 

4 

l.U 

1,893 

154 

531 

1.52 

1.75 

1,245 

154 

360 

1.03 

1.15 

417 

165 

209 

.60 

.<^ 

309 

154 

185 

.58 

.59 

1,857 

190 

475 

1.36 

1.57 

2, 379 


144 


444 


1    *>7 


or 


17.2i> 


NoTK.— Gage  heights  and  discharge  measurements  for  IHOl  are  given  in  Water-Supply  Pai^^i 
No.  65,  pagM  204;  rating  table  on  iiage  821  of  same  paper. 


1  SOUTHEBN   ATLANTIC   COAST   DRAINAGE. 

Extimated  monthly  'Uncharge  of  Oemutgee  River  fit  Macon,  Oa. 

[Draiiuiite  area.  E,<8>  aqoftre  miles,] 

Dbvharff^  In  semnd^feet.  |  }lnn-o 


1901.                         I  I 

Jannary  _ __ I  13,010  | 

Pebrnarj-    31 .  880  ! 

March 32,720  ; 

April S4,0«0 

May ..._    18,S90 

Jane     6. 704 

Jnly._ _ 19,780 

Angnst 16,420 

September _ 29, 440 

October 3,081 

NoTember 1,814 

December  _ _ 30, 280 

The  year 34. 060 

KuTB,— Oa([e  helgbtfl  and  dtochftrse  m 
mo.tti,f«««&\  ratine  table  on  page  SZlotm 


feet  per   1  Depth  in 


2.244 

4,90S  ' 

2.03  J 

2.33 

2,185 

5,16S  ; 

2.13 

3.23 

1,093 

4.. '586  , 

1.69 

2.18 

2,244 

6,556 

3.70 

3.01 

1,546 

2,806 

1.16 

1.84 

1,698 

8,328 

I.3T 

1.58 

1,104 
4,324  , 


Fio.  18.— Diachargeof  Ocmolsee  Blver  »t  Ibcon,  Q«.,  IS 
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STREAM   KEASUBEMENTS   IN  1901. 


[K0.7S. 


PRECIPITATION  IN    THE    BASINS  OF  OCONEE  AND  OCMUIiGEE  RIVERS. 

The  principal  observations  of  rainfall  made  within  the  Oconee  and 
Ocmulgee  river  basins,  considered  here  in  conjunction,  the  two  rivers 
being  the  principal  tributaries  of  the  Altamaha,  are  at  the  stations 
enumerated  in  the  following  table,  which  also  gives  their  geographic 
location,  elevation  above  sea  level,  and  length  of  record  of  observations. 
The  relative  location  of  these  i)oint8  is  shown  in  fig.  21,  in  connection 
with  the  i)oints  of  river  measurements  which  are  located  at  Athens, 
Almon,  Covington,  Flovilla,  Juliette,  Macon,  Bamett  Shoals,  Back- 
head,  Carey,  and  Publin. 


Location  of  rainfall  stations  in  ( 

Oconee  and  Ocmulgi 

^  basins. 

Station. 

County. 

State. 

Latitude. 

Longi- 
tude. 

Elevation. 

Length  of 
record. 

Atlanta 

Fulton 

Qeorgri* 

o         / 

88  45 

1 

o        / 

84  23 

Feet. 
1,060 

Yean. 
»U32 

Athens 

Clarke 

Wilkinson 

Newton 

do 

..  .do 

88  68 

88  28 

860 

21-S7 

Allc^ntown 

5-6 

OoTingrton 

do 

38  87 

83  49 

748 

1^12 

Oillsyflle 

Hall 

do 

84  13 

88  66 

1,062 

11-18 

Ghdnesvllle 

do 

do 

84  16 

88  47 

1,287 

15-29 

Macon 

Bibb 

do 

82  60 

88  88 

384 

17-32 

M#THhivl1y11lA 

Macon 

Oglethorpe 

1 

do 

9-11 

Point  Peter 

do 

38  67 

82  69 

1,000 

12-13 

The  following  table  gives  the  figures  of  normal  or  average  monthly 
precipitation  from  the  beginning  of  the  record  and  including  1900, 
together  with  the  total  precipitation  by  months  for  the  years  1896, 
1897, 1898, 1899, 1900,  and  1901,  and  also  the  annual  totals.  In  obtain- 
ing the  normal  precipitation  the  average  is  taken  for  all  of  the  months 
during  which  observations  were  made. 

Precipitation  at  stations  in  drainage  basins  of  Oconee  and  Ocmulgee  rivers, 

ATLANTA. 


Year. 


Jan. 


Feb. 


Mar.  Apr. 


June.  July.  Ang. 


Normal 

5.13 

5.27 

6.47 

4.14 

1800 — 

3.12 

3.04 

3.20 

.58 

1897 

3.48 

4.59 

5.74 

5.06 

1898 

2.90 

.62 

4.09 

6.15 

1899 

3.09 

6.62 

5.38 

1.71 

1900 

2.»S 

9.58 

5.69 

6.27 

1901 

,5.96 

1 

4.04 

5.71 

6.27 

3.57 

4.08 

1.95     2.66 

.34  1  2.07 

1.85       .89 

1.21 

1.46 

2.94 

8.96 

7.65 

3.10 

4.67 
7.65 
4.74 
10.22 
6.42 
4.61 
5.87 


4.49 
1.97 
6.01 
6.66 
3.15 
1.79 
9.83 


1 

Sept. 

Oct. 
2.32 

Nov. 

8.80 

8.62 

1.36 

1.28 

5.90 

.14 

1.80 

2.29 

6.88 

5.06 

a86 

2.27 

8.n  '  2.65  1 

3.02 

2.79 

8.62 

3.76 

.69 

.99 

Dec. 


4.73 
1.42 
8.00 
8.84 
4.15 
6.74 
7.61 


An- 
nual. 


51.24 
34.12 
89.26 
60.56 
42.*Si 
56.83 
S0.77 


ATHENS. 


Normal 

1896 

1897 

1898 

loOU. .... 


5.78  I  6.30 

(5.78)1(6.30) 

(5. 78)  (5. 30) 

2.98       .66 

7.21     8.66 


1900 i  2.10 

1901 4.14 


8.46 
3.57 


5.34  I  3.92 
(6.34)  (3.92) 
(5.84)  (3.92) 
3.65  !  5.68 
4.88  1.98 
6.54  j  7.76 
4.78     5.59 


3.78     4.89 


4.87 


1.78  t  3.98  .10.81 


.61  2.86 

2.48  1.63 

.83  1.56 

2.97  11.39 


3.19 
5.43 
2.60 
4.13 


4.90    6.5.S     8.51 


I 

5.14 

3.67 

2.60 

1.00 

.66 

1.82 

4.17 

.64 

3.12 

5.73 

6.36 

7.40 

3.98 

1.46 

3.59 

1.27 

3.89 

4.80 

17.8/ 

3.30 

1.05 

2.99 

(2.99) 


3.98 

(3.98) 


1.10  I  2.83 
3.85  '  3.81 
1.85  i  2.78 
8.74  ,  5.68 
.77    5.42 


46^81 
38,85 
49.31 
4a  61 


61.43 
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Pirecipitation  at  stations  in  drainage  basins  of  Oconee  and  Ocmttlgee  rivers — 

Ck)ntiiined. 

ALLBNTOWN. 


Year. 


Normal 

1896 

1807 

1808 

1809 


1900 2.42  10.28 

1901 8.96  !  4.60 


Mar. 

Apr. 

LU 

8.M 

2.W 

1.00 

9.5B 

4.16 

1.13 

7.22 

ai8 

S.16 

6.57 

4.10 

6.07 

3.41 

May.iJnne. 

1 

July. 

2.06  \  3.18 

6.26 

2.84  1  2.76 

5.71 

2.82    l.fl7 

588 

.98  '  2.29 

6.66 

1.72     1.60 

8.60 

2.60  '  6.96 

6.  (IK 

(2.08)  (3.13) 

4.28 

Aug.  I  Sept. 


I  I 

Oct.  1  Nov. '  Dec. 


5.  OB 
3.79 
3.04 
7.85 
8.26 
3.11 


3.55 
2.74 

.73 
4.90 

.40 
1.90 


9.68  10.64 


a86 
.72 
2.51 
8.24 
7.12 
8.61 
.97 


4.01  I  4.21 
7.40  6.21 
.95  1.86 
6.44  i  2.90 
1.52  I  2.86 
6.61  j  8.06 
1.03     4.26 


Normal !  4.44 

1806 4.50 

1807 1  2.51 

1898 3.86 

1800 8.06 


19G0.. 
1901.. 


5.02 
2.67 

6.27 
1.06 
8.38 


2.86  10.46 


3.80 


3.96 


4.96 

4.94 

2.79 

2.95 

2.94 

1.88 

7.68 

4.29 

.95 

3.H) 

5.06 

1.98 

3.71 

2.66 

3.26 

3.40 

7.54 

2.21 

6.66 

4.32 

5.99 

COVINGTON. 


4.04  4.96 
8.71  7.24 
2.68  I  3.52 
1.46  ,10.20 
2.16  I  2.66 


4.28 


4.08 
3.84 


6.09 

2.60 

S.16       .90 

5.44 

.96 

10.60 

5.88 

2.96 

1.54 

5.16 

4.06 

10.75 

4.49 

aoB 

2.62 
2.96 
9.55 
4.62 
1.90 
.61 


2.81 

4.33 

9.78 

1.11 

1.82 

3.07 

4.04 

4.85 

2.46 

3.14 

3.60 

7.66 

.50 

7.83 

GILLSVILLE. 


Normal 4.47  ,  5.08 

1806 4.45    2.14 

1807 4.26  t  5.40 

1808 ..I  1.26       .86 

1899 1  4.28  '  8.87 

1900 1  a42  io.n 

1901 1  6.44     3.43 


5.80  ;  3.94 

2.11  !  .80 

6.S0  ;  6.62 

3.54  4.20 

8.68  I  2.82 


5.72 
6.50 


8.10 
6.20 


3.26 

4.14 

4.68 

2.82 

.00 

2.48 

1.08 

2.64 

2.35 

1.94 

2.94 

H.82 

6.11 

5.80 

5.88 
7.62 
10.94 
6.75 
2.92 
3.42 


An- 
nual. 


40.74 
45.28 
48.28 
60.74 
44.06 
61.22 
68.96 


60.10 
43.55 
41.50 
62.64 
45.61 
67.81 
56.61 


5.13     4.17  ,  2. 4i     2.54     3.26 

49.70 

1.48     1.48     1.57     6.13  ;    .40 

35.68 

2.96  1  <i.00 

5.11     1.88     8.91 

60.00 

7.78   10.18 

8.18  1  3.17  ,  8.54 

52.58 

3.48       .63 

2.37 

2.80 

3.61 

44.10 

1.36    3.04 

4.07 

3.25 

3.20 

58.11 

11.78    5.38 

.62 

.10 

6.14 

64.11 

GAINESVILLE. 


Normal !  5.96 


1806. 
1807. 
1808. 
1800. 
1900. 
1001. 


(5.96) 
4.40 
8.24 
4.11 
2.97 
8.02 


6.84 

6.78 

(6.34)  (6.78) 

4.80  1  6.90 

.79  1  4.41 

8.17 

10.46 

8.84 

6.75 

3.53 

669 

4.30  ,  3.39 
(4.30),  1.53 
(4.30)  1.15 
5.29  I  1.08 
3.76  I  1.46 
6.76  '  1.31 
5.84  ,  6.35 


4.67 
2.08 
3.03 
1.23 
3.41 
12.09 
6.88 


5.04 

10.61 

14.43 

12.12 

2.40 

3.88 

5.47 


6.03 
. « I 
2.48 
0.58 
4.10 
1.34 
13.58 


3.99  ,  2.74  ;  3.71     5.24 
1.62(2.74)16.77     2.02  1 


.05 
6.71 

.40 
1.49 
4.65 


2.67 
7.30 
2.43 
2.66 
1.24 


3.46  i  2.78 
3.58     3.87 
2.82  '  4.49 
3.16  1(5.24) 
.15     6.37 


MACON. 


Normal '  3.83 


1806. 
1897. 
1888. 
l<fi»- 
1900. 
1901- 


3.58 
1.95 

(3.88) 

(3.83) 

1.87 

3.58 


4.50     5.82  I  3.94  ^ 

5.85  I  3.47     1.73  \ 

8.33  10.58    8.30  i 

(4.50)!(5.82),(3.94)| 

(4.50)  (5.82)03.11 


7.64 
8.91 


8.68 
6.94 


4.80 
3.86 


3.03 
1,82 
.8i 
.45 
1.83 
2.97 
2.85 


r  I 


4.23 
8.29 
616 
2.63 
1.61 
6.60 
3.82 


4.78 
6.16 
5.10 
6.15 
2.47 
3.26 
1.15 


4.89 

2.68 

2.10 

3.03 

5.66 

.68 

1.58 

7.00 

3.37 

1.12 

.70 

(3.03) 

8.76 

4.17 

6.60 

(3.03) 

1.94 

1.61 

5.20 

1.73 

5.93 

1.25 

1.27 

4.53 

3.95 

4.64 

1.50 

.42 

4.45 
5.01 

(4  45) 

(4.46) 

3.45 

5.80 

5.87 


58.10 
51.62 
50.54 
58.65 
48.01 
55.40 
68.78 


47.28 
45.02 
48.96 
54.33 
87.10 
49.78 
42.08 


a  Approximate. 


74 


STREAM   MEASUREMENTS    IN    1901. 
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Precipitation  at  stations  in  drainage  bagins  of  Oconee  and  Ocmulgee  rivers — 

Contiiitied. 


Year. 


Normal 

18B6 

1897... 

1808 

1809 

1900 

1001 


MABSHAIiLYHiLE. 


POINT  PETEI^. 


Normal 6.09 

1806 5.40 

1807 4.06 

1808 3.10 

1899 7.26 

1900 •  1.85 

1901 4.08 


6.16 

5.27 

3.88 

2.75 

4.08 

5.44 

4.60 

3.86 

2.90 

2.65 

1.46 

8.65 

6.60 

6.68 

6.61 

.96 

3.91 

4.37 

.70 

4.26 

6.38 

.17 

1.82 

U.61 

8.19 

5.00 

1.99 

.68 

2.06  i  2.64 

8.84 

4.64 

6.27 

8.47 

12.  n     6.90 

8.68 

6.12 

6.12 

6.22 

4.18 

2.84 

6.80  3.68 
1.10  i  1.25 
6.74  ^.06 
8.74     2.09 


4.27 
.73 

16.67 


1.14 
4.74 
7.85 


2.87 

3.12 

2.86 

6.60 

2.21 

3.00 

8.70 

4.68 

4.28 

2.69 

2.89 

3.62 

.54 

.87 

3.67 
a3.I6 
3.06 
3.62 
3.14 
6.69 
6.86 


SO.  in 
43.35 
«i.Oi 
55.25 
43.23 
61.75 
62.53 


«  Approximate. 


Depth  of  run-off ^  in  inches,  from  the  drainage  basin  of  Yellow  River  at  Almon, 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

4.21 
2.59 

May. 

1.89 
1.67 

June. 

July. 

1.78 
1.49 

Auk. 

Sept. 

Oct. 

Nov. 

1           t 
Dec.j 

An- 

1900 

1901 

1.30 
2.84 

4.10 
2.06 

2.08 
2.16 

4.09 
2.19 

1.08 
8.01 

1.46 
1.08 

1.69 

1.13 
1.21 

1.12 
.94 

2.46  ' 
2.08 

27.49 
25.6: 

1.17 

Average  . . . 

2.07 

3.6B 

2.64 

8.40 

1.78 

3.14 

1.61 

2.04 

l.OB 

2.57 

1 

».5T 

Depth  of  run-off y  in  inches,  from  the  drainage  basin  of  Middle  Oconee  River  at 

Athens. 


Year. 


Nov.   Dec. 


1901 


1.37       4_ai 


Depth  of  run-off  J  in  indies,  from  the  drainage  basin  of  Apalachee  River  at  Buck- 
head, 


Year. 

Mar. 

Apr. 

2.84 

May. 

June. 
2.31 

July. 

Aug. 

Sept. 

Oct- 

Nov.  '  Dec 

1901 

2.21 

1.46 

1.52 

2.35 

1.81     0.91 

0.83       2.«) 

' 

( 

Depth  of  run-off,  in  inches,  from  the  drainage  Ixitnn  of  Oconee  River  at  Ramett 

Shoals, 


Year. 


1901. 


Aug. 


8.46 


Sept. 


2.36 


Oct, 


1.27 


Nov,  Dec 


I 


1.07 


ai: 


I 
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Depth  of  milt-off^  in  inches,  from  the  drainage  basin  of  Alcov^y  River  at  Covington. 


Year. 


iyr)i 


May. 

l.:i7 


June. 
2.16 


July.  Ang. '  Sept.l  Oct.   Nov. 


1.90  I  2.94 


1.76     1.15 


X/OCa 


0.H0  I     1.98 


Depth  of  run-off.  in  inches,  from  the  drainage  basin  of  Oconee  River  at  Dublin. 


Year. 


'         !         ,         I         '  'ill! 

I  Jan.    Feb.  Mar. '  Apr.  May.  June.  July.'  Aug.,  Sept.]  Oct.  j  Nov. 


1898. 
1899. 
1900. 
1901. 


Average 


2.96 

.97 

2.60 


2.18 


3.73 
2.99 
2.32 


I 

0.71     1.34 

0.49 

3.3B 

2.04 

.94 

2.73 

2.53 

1.31 

1.79 

3.29 

1.18 

3.01  '  2.16 


0.32 

.50 

2.23 

2.15 


0.85  1.57  I  2.84  2.05 

.46  .58  I    .44  .72 

1.76  .63  '    .64  .61 

1.18  1.65  12.14  .84 


3.30  I    .98  I  1.30 


1.06  j  1.11  .  1.52 

I  I 


1.06 


1.90 
.45 
.86 


96 


Dec. 

2.02 

.84 

1.61 

1.22 


An- 
nual. 


1.42 


17.  OB 
18.87 
20.98 


19.05 


Depthof  run-off,  in  inches,  frr/m  the  drainage  basin  of  Ocniulgee  River  at  Flovilla. 


Year. 


1901 


Depth  of  run-off y  in  inches,  front  the  drainage  basin  of  Totvaliga  River  at  Juliette. 


Year. 


Jan. 


Feb. 


Mar. ,  Apr.  I  May, 


i«n 


1.98  I  1.72  '  1.72     2.25     1.28 

•  .  I 


June.  I  July. 

I 

1.41  '  l.ll 


Aug. '  Sept. 
1.75  '  1.16 


Oct. 

Nov. 

Dec. 

0.69 

0.59 

1.57 

An- 
nual. 


17.20 


Depth  of  run-off,  in  inches,  from  the  drainage  basin  of  Ocmulgee  River  at  Macon. 


Year. 


Jan. '  Feb.   Mar.  Apr.  May.  June.  July 


1897 i  0.64  I  1.83  i  4.22  ,  2.51 


1898. 
1899. 
1900. 

1901. 


Averajrfo 


.62 
2.66 

.78 
2.33 


1.40 


.42  :  .60  1.30 
3.50  I  2.62  i  2.06 
4.16  j  2.21  I  3.22 
2.22  i  2.18  I  3.01 


2.4;i    2.37 


2.40 


0.81 


0.79  I  0.91 


.44  '    .30       .78 


Aug.  <  Sept 


0.84 


2.30 


1.00 
1.36 
1.34 


.61  I     .56       .51       .40  !     .63 


3.78     1.72       .95     1.18 
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1.70  ;  1.69 

.46  I    .75 
1.06  I  1.94 


1.63  I  1.20  I  2.23  I  1.80      .67  ,    .51     2.05 


14.04 
15.44 
15.76 
23.20 
21.07 


.  w 


1.40     1.03     1.35  ,  1.29  i  1.04  ,    .82  .  1.39  .      17.91 


JDepth  of  run-off,  in  inches,  fratn  the  drainage  boMn  of  Oconee  River  at  Carey. 


Year. 


Jan.    Feb. 


Mar.  Apr.  May.  June.  July.  Aug.  Sept.  Oct.   Nov. 


De<! 


An- 
nual. 


1»I7 

IMfW 

1 
..    1.81     2.25 

..    1.15       .83 

1 

2.61  '  1.19 
1.12 

0.97 

0.65  '  1.16     0.81 

0.38 

O.ff) 

0.69 

0.95 

14.10 

1 

Average  . 

..    1.48     1.54 

\.m    l.ltt 

.97 

.65!  1.16       .81 

.38 

.68 

.69 

.95 

12.31 
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Rainfall  and  run-off  in  Oconee  and  OcmtUgee  basins. 


Station. 

1 

NomiAl.,     1896. 

1807. 

1808. 

1800. 

1900. 

191IL 

RAINFAIJ.. 

AtlantA 

51.24  '  84.12 
52. 26     46. 81 
49. 74     45. 28 
50.10  ,  43.55 
49. 70     85. 68 
58.19  1  51.52 
47.28     45.92 
50.02  i  58.23 
50.61     43. 3A 

39.26 
38.  a5 
43.23 
41.59 
50.00 
50.54 
48.96 
46.25 
49.04 

50.56 
49.31 
50.74 
62.54 
52.58 
58.65 
54.83 
54.87 
55.25 

42.42 
40.61 
44.05 
45.61 
44.10 
48.01 
37.10 

58.83 
62.72 
61.22 
67.31 
58.11 
55.49 
49.78 

59.77 

Athens       

Allentowii  . . 

Covington .._ 

GillBville   ..   

Chdnesville 

Macon 

61.43 
53.95 
56.51 
64.11 
68.78 
42.03 

42.94     51.00 

57.  «> 

Point  Peter 

43.28 

61.75 

62.53 

51.02 

Average 

44.94 

45.30 

54.31 

43.12 

58.47 

58.47 

RUN-OFF. 

Almon 

26.57 
19.05 
17.20 
17.91 
12.31 

27.49 

25.67 

Dublin ..._ 

_  _  -  - 

17.02 

18.87 

20.98 

Juliette    _ . 

1 

17.20 

Macon 

Carey 



14.04 
14.10 

15.44 

15.76  '  28.20 

1 

21.07 

1 

Average  run-off 

18.61 



14.07 

15.44 

16.89 

23.19 

31.23 

Percentage  of  rainfall 

36.48 

31.06 

28.43 

88.01 

89.66 

86.31 

EASTERN  GUIiF  DRAIKAGB. 


The  rivers  flowing  intx)  the  eastern  i)ortion  of  the  Gulf  of  Mexico 
are  for  the  most  part  of  a  character  similar  to  those  in  the  Southern 
Atlantic  drainage,  though  in  their  lower  courses  their  flow  is  usually 
more  sluggish.  Regular  gaging  stations  have  been  maintained  dur- 
ing the  year  1901  as  follows:  On  Flint  River  at  Woodbury,  Ga.,  and 
Albany,  Ga. ;  on  Chattahoochee  River  near  Gainesville,  Ga,,  near 
Buford,  Ga.,  at  Oakdale,  Ga.,  and  at  West  Point,  Ga. ;  on  Etowah 
River  at  Canton,  Ga. ;  Coosawattee  River  at  Carters,  Ga. ;  on  Oosta- 
naula  River  at  Resaca,  Ga. ;  on  Coosa  River  at  Rome,  Ga.,  near  Riv- 
erside, Ala.,  and  at  Locks  Nos.  4  and  5,  Alabama;  on  Talladega 
Creek  at  Nottingham,  Ala. ;  on  Hillabee  Creek  near  Alexander  City, 
Ala. ;  on  Big  Sandy  Creek  near  Dadeville,  Ala. ;  on  Tallapoosa  River 
near  Sturdevant,  Ala.,  near  Susanna,  Ala.,  and  near  Milstead,  Ala.; 
on  Alabama  River  at  Montgomery,  Ala.,  and  at  Selma,  Ala.;  on 
Cahaba  River  at  Centerville,  Ala. ;  on  Mulberry  Fork  of  Black  War- 
rior River  near  Cordova,  Ala. ;  on  Black  Warrior  River  at  Tuscaloosa, 
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Ala.;  on  Tombi^bee  River  at  Ool ambus.  Miss.,  and  at  EpeB,  Ala.; 
and  on  Pearl  River  at  Jackson,  Miss.  The  locations  of  the  river  sta- 
tions in  the  Apalachicola  and  Mobile  river  basins  are  shown  in  figs. 
24  and  36. 


TENNESSEE 


Fig.  24.— Drainaere  loasin  of  Apalachicola  River. 


The  floods  that  occurred  during  the  year  1901  on  the  rivers  of  the 
southeastern  States  have  l)een  of  marked  severity,  notably  the  high 
v*'»ter  of  December  29  to  31,  which  resulted  in  the  destruction  of  a 
number  of  masonry  mill  dams  and  other  valuable  property. 


78 


STREAM   MEA8UREMBNT8   IN   1901. 


[NO.TS. 


APALACHICOLA  RIVER. 

Estimated  monthly  discharge  of  Flint  River  at  Woodbury^  Ga, 

[Drainage  area,  988  square  miles.] 


Discharge  in  second-feet. 


Month. 


yi>.TiTn»nn . 


1901. 


January . . . 
February. . 
March... . 

April 

May 

June 

Jnly  _ 

August 

September 
October  . . . 
November . 
December  . 


Minimnm. 


Run-off 


Mean. 


Seoond- 

feet  per 

square 

mUe. 


Depth  in 
inch€SL 


The  year 


5,840 
6,820 
7,100 
9,900 

13,260 
3,740 
2,200 

10,460 

5,980 

3,040 

650 

14,100 

14, 100 


1,370 
1,120 
800 
890 
580 
580 
460 
460 
460 
430 
460 
530 

430 


2,803 

2,395 

1,774 

2,818 

2,285 

1,617 

780 

2,467 

1,249 

679 

526 

2,005 

1,783 


2.84 
2.42 

1.80  ; 

2.a5 

2.31 

1.64 
.79 

2.50 

1.26 
.69  i 
.53 

2.03 


30- 
•  «•■ 

2.52 

2,08 

3.18 

2.66 

1.88 

.91 

2.J^ 

1.41 

.80 

.59 

O   •*! 


1.81 


24.47 


Note.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Hupply  Paper 
No.  66,  page  286:  rating  table  on  page  321  of  same  paper. 

Estimated  monthly  discharge  of  Chattahoochee  River  near  Buford.  Ga, 

[Drainage  ai*ea,  1,050  square  miles.] 


Discharge  in  second-feet. 


Bun-off. 


Month. 


Maximum. 


Minimum.  '      Mean. 


I    Second- 
feet  per 
I    square 
j      mile. 


1901. 


June  ^  to  30. 

July 

August 

September  . 

October 

November.. 
December . . 


8,768 

18,064 

10,224 

3, 105 

1,630 

23,100 


1,700 
1,450 
2,300 
1,560 
1,410 
1 ,  450 


3,554 
2,507  . 
4,985  I 
3,031  I 
1,863  . 
1,537  J 
3,624 


3.38 
2.39 
475 
2.89 
1.7: 
1.46 
3.45 


Depth  is 
inchea. 


0.88 
2.76 
*=>.48 
3.22 
2.04 
1.6:5 


Note.  -Gage  heightH  and  discharge  measurements  for  1901  are  given  iu  Water-Supply  Paper 
No.  66,  page  dS8;  rating  table  on  page  881  of  same  paper. 
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EstimcLted  fnonthly  discharge  of  Chattahoochee  River  at  Oakdale,  Oa, 

[Drainage  area,  1,660  square  mileB.] 


Month. 


1901. 


January... 
February  . 

March 

April 

May 

June 

July 

Angnst 

September 
October . . . 
November . 
December. 


The  year 


Discharge  in  aeoond-f eet. 

Run-off. 

MaTlwinm. 

1 

Minimnm. 

Mean. 

Second- 
feet  per 
square 
mile. 

Depth  in 
inches. 

24, 180 

2,044 

5,191 

3.33 

3.84 

5,028 

2,272 

3,214 

2.06 

2.15 

'      25, 890 

2,044 

4,929 

3.16 

8.65 

12,780 

2,846 

5,149 

3.30 

3.68 

21,900 

2,511 

4,624 

2.96 

3.42 

10,500 

2,934 

4,749 

3.04 

3.89 

9,474 

2,040 

8,225 

2.07 

2.89 

21,672 

1,829 

7,697 

4.93 

5.69 

15,744 

2,676 

4, 145 

2.66 

2.97 

4,344 

1,758 

2,600 

1.67 

1.98 

1,898 

1,690 

1,768 

1.13 

1.26 

29,880 

1,690 

4,285 

2.75 

3.17 

29,880 

1,690 

4,298 

2.75 

37.54 

No^JTE.— Gage  heights  and  discharge  measurements  for  1901  are  given  m  Water-Supply  Paper 
No.  65,  page  S09;  rating  table  on  page  888  of  same  paper. 


)  STREAM    HEASUBEMENIB   IN   1901.  tiH).^ 

Eitimated  monthly  diicharge  of  Chattahooehfe  Siver  at  We*t  ft«ni,  Ga. 

(Dnlna^e  &r«.  i^SOD  square  mU«.) 

THacluTKe  in  Becoud-f eet.  I  Boil-off. 

HoDtb.  '   Second-   I 

Uuimtmi.     llli>iii.om.        I[«n.  '«*£"     "^ 


1901.  I 

Jannary _ 42,8 

Febrnary '      37, 1 

Uarch _  _ 38, 4 

Mxy 

Jnly _ 

AllgUBt. -- 

September _.. 

October _ 

NoTember _  _ 

December _  

The  year 


4.930  j 
4,280  I 
4,930  I 
4,700  ' 
4,930  \ 
8,000  ' 
8,000  I 


3,380  I 
Si,880  i 


2.41 
S.34  ' 


PiO.  !&-I>lw;lurKa  of  CbKttahoochee  HiTe 


.t  West  Point,  G».,  ItOI. 
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/" 


Fio.  26— Dndnoge iMMrin of  Mobile  River. 
IRR  75—02 6 
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STREAM  MEA8UBEMENT8   IN   1901. 


[XO.lS. 


TALLAPOOSA   RIVER. 

Estiviated  vwnthly  discharge  of  HUlabee  Creek  near  Alexander  City^  Ala, 

[Drainaflre  area,  214  square  miles.] 


Month. 


1900. 


September 
October . . 
November . 
December  . 


1901. 


January . . . 
February  . 
March  . .  . 

April 

May 

June 

Jnly 

Angnst 

September. 
October  . . . 
November 
December . 


The  year 


Discharge  in  second-feet. 


Run-off. 


Second- 

feetx>er 

sqnare 

mile. 


Depth  in 

iXIUMB. 


r 


1.73 
1.81 
2.30 
3.35 


1.93 
2.09 
2.45 
3.86 


5.60 
4.30 
2.88 
4.26 
2.92 
2.05 
1.67 
2.50 
1.16 
.85 
.69 
2.46 


2.61 


6.46 
4.48 
3.32 
4.75 
3.37 
2.29 
1.93 
2.89 
1.29 
.98 

2.^ 
85,37 


Note.— Oage  heights  and  discharge  measurements  for  lOUl  are  given  in  Water-Supply  Paper 
No.  05,  page  271,  rating  table  on  page  '322  of  same  paper. 
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Estimated  monthly  discharge  of  Big  Sandy  Creek  near  Dadeville,  Ala, 

[Drainage  area,  196  sqnare  miles.] 


Month. 


1901. 


January  . 
February  . 

March 

April 

May 

Jiine . 

Jialy 

Augrost  .. 
September 
October . . . 
November 
December. 


Difloharge  in  aecond-feet. 

Bnn-oif. 

Mazimnm. 

Minimum. 

Mean. 

Second- 
feet  per 
square 
mile. 

Depth  in 
inches. 

880 

308 

425 

2.18 

2.51 

2,700 

282 

545 

2.78 

2.90 

6,392 

256 

552 

2.83 

3.26 

3,428 

334 

689 

8.53 

3.94 

8,220 

230 

480 

2.46 

2.84 

2,492 

178 

523 

2.68 

2.99 

516 

152 

227 

1.16 

1.84 

2,180 

115 

369 

1.89 

2.18 

620 

67 

257 

1.32 

1.47 

1,764 

45 

462 

2.37 

2.73 

115 

67 

92 

.47 

.52 

10,500 

85 

1,265 

6.49 

7.48 

10,500 

45 

490 

2.51 

34.16 

Note.— Gkige  heights  and  discharge  measurements  for  1901  are  given  in  Water-Snpply  Paper 
No.  65,  page  278;  rating  table  on  page  322  of  same  paper. 

Estimated  monthly  discharge  of  Tallapoosa  River  near  Susanna^  Ala. 

[Drainage  area,  2,610  square  miles.] 


Discharge  in  second-feet. 


Run-off. 


Month. 


1901. 


Maximum. 


January  . 
February 
March  . . . 


53,780 
44,780 
26, 330 


Minimum. 


.5,630 
5,630 
3.850 


Mean. 


'    Second- 
I   feet  per 
square 
I      mile. 


13,265 

11,303 

7,546 


5.08 
4.33 
2.89 


Depth  in 
inches. 


5.86 
4.51 
3.31 


Note.  -Gage  heights  and  discharsre  measurements  for  1901  are  given  m  Water-Supply  Paper 
No.  65,  page  274;  rating  table  on  page  322  of  same  paper. 
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Fio  27.— Location  of  river  and  rainfall  stations  In  basin  of  Tallapoosa  RiTer. 


VA.]  EASTERN   GULF   DRAINAGE. 

Enfimated  montMy  dUcharge  of  Tnllapooga  River  ne- 

[Dninageuru.  3.810  sqiureiiilleB.I 

Disnharge  In  seoond-teet. 


1901. 

January 

Febmary    

March    - 

April 

May - 

July  _ 

Aagast .  _  _ 

Septtmber    

October 

November 

December 

The  year .    . 


Hulmmn. 

Hinlmnm. 

Mam. 

Second- 

^S^^ 

88,962 

S,27S 

11,476 

2.99 

S.45 

88,900 

.1,837 

10,440 

2.73 

3.83 

35,087 

4.1.50 

8,874 

2.18 

a.  68 

S8,900 

.1.499 

18,080 

8.18 

8.49 

17,875 

3.587 

6,440 

1.68 

1.94 

18,862 

3.775 

5,976 

1.66 

1.74 

3.387 

2.013 

8.398 

.88 

l.Ol 

33,275 

8,018 

5,904 

1.54 

1.78 

9,887 

1,675 

3,187 

.82 

.91 

6,849 

1,562 

8,364 

.63 

.71 

2,387 

1,563 

1,855 

.48 

.64 

"70,000 

1,843 

8,388 

2.1« 

3.49 

"70.000 

1.563 

6,630 

1.78 

33.41 

N OTB.— Oage  heights  and  dischu^K 
Ho.  BS.  page  XJi;  rating  Cable  on  page  S! 


i>  Approximate. 

ta  for  ISOI  are  given  in  WatBr.8npply  Paper 


£0,00 

io.4ni 

IftOOO 
8,000 
4,000 


Fio.  28.— Discbsrge  of  Tallapoosa  R 


ir  MllstHd.  Ala.,  1 
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STREAM   MEASUREMENTS   IN   1901. 


[NO.  7a. 


PRECIPITATION  IN  THE   BASIN   OF  TALLAPOOSA  RIVER. 

The  principal  observations  of  rainfall  made  within  the  Tallapoosa 
River  Basin  are  at  the  stations  enumerated  in  the  following  table, 
which  also  gives  their  geographic  location,  elevation  above  sea  level, 
and  length  of  record  of  observations.  The  relative  location  of  these 
points  is  shown  in  fig.  27,  in  connection  with  the  points  of  river 
measurement  which  are  located  at  Alexander  City,  Dadeville,  Sturde- 
vant,  Susanna,  and  Milstead. 

Liocation  of  rainfall  stations  in  Tallapoosa  River  Basin, 


Station. 


Ashville. 


Connty. 


St.  Clair. 


Gkxxlwater '  Cooea 

LockNo.4 Talladega 


Opelika Lee 

Oxanzia Calhoim 

Tallaasee Elmore. 

Wetmnka do... 


State. 


Latitude. 


Alabama. 

do.... 

do.... 

do.... 

do...- 

do.... 

do.-.. 


88  38 
82  23 


LoWtiide.:^^25SS,^' 


record. 


85  25 

86  18 


Year*. 

6-» 
T-9 
6-S 

»-ll 
8-U 


The  following  table  gives  the  figures  of  normal  or  average  manthly 
precipitation  from  the  beginning  of  the  record  and  including  1901, 
together  with  the  total  precipitation  by  months  for  the  years  1890, 
1897,  1898,  1899,  1900,  and  1901,  and  also  the  annual  totals-  In 
obtaining  the  normal  precipitation  the  average  is  taken  for  all  of  the 
months  during  which  observations  were  made : 

Precipitation  at  stations  iii  drainage  basin  of  Tallapoosa  River, 

ASHVILLE,  ALA. 


Year. 


Jan.    Feb. 


Normal 4.5i 


1886. 
1897. 
1808. 
1809. 
1900. 
1901. 


4.42 
4.15 
5.48 
4.82 
2.65 
5.78 


4.65 
8.78 
6.00 
.80 
6.27 
7.40 
8.56 


Mar. 

7.18 
4.48 
7.42 
3.40 

11.14 
6.86 

10.14 


Apr. 

May. 
7.90 

680 

4.21 

2.35 

5.00 

1.62 

5.37 

.48 

4.21 

1.28 

12.56 

2.98 

6.42 

5.65 

May.  Jane.  I  July. I  Aug. 


4.01 
8.14 
.96 
2.97 
2.46 
11.96 
2.65 


5.12 

j  5.17 
6.81 

'  8.27 
6.45 


4.48 
1.20 
2.63 
3.50 
a43 
1.44 


2.51  11.45 


Sept.  Oct. 


Nov.  I  Dec. 


2.62 
1.89 

.80 
3.79 

.14 
5.85 

a  81 


2.94 
LOO 
1.00 
7.68 
1.80 
6.73 
.56 


3.04  I  4.95 
4.78     1.11 


.  4  4 

4.25 
3.81 
8.88 


7.04 
2.12 
6.10 
3.41 


1.63  10.87 


Ad- 
nnal 


57.  m 
34.  er 

4S-15 
46lI4 

64.$^ 


GOOD  WATER,  ALA. 


Normal 

1896 

1897 

1898 

1899 

1900 

1901 


4.50 


5.00 


5.98     4.86 

8.20  4.33 
1.45  I    .75 

5.21  j(5.00) 
4.08  10.28 
7.11     5.28 


5.68 

4.17 

2.28 

4.87 

5  63 

4.64 

2.18 

a  17 

aas 

6.39 

2.83 

3.89 

a  36 

4.57 

.60    ao5 

1.05 

a  14 

8.38 

3.90 

.10 

a  18 

4.16 

a  62 

.94 

.00 

(a  32) 

2.29 

4.41 

.16 

4.92 

8.18 

9.02 

1.87 

a  78 

5.32 

7.28 

3.41 

2.79 

2.27 

10.22 

a25 

.26 

2.21 

2.70 

5.85 

6.10 

2.30 

10.36 

6.60 

4.79 

a  44 

8.74 

5.57 

5.01 

4.30 

5.31 

4.78 

6.14 

8.54 

2.67 

L28 

1.84 

4.6S 
.50 
(4.68) 
2.20 
5.86 
7.38 
7.7« 


4S. 

51? 

:» 

TiS 

m. 

Tj 

eisci 

KK 

4S 

ra,*^ 

QO 

f» 

.] 
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Precipitation  at  stations  in  drainage  basin  of  Tallapoosa  River — Contmned. 

LOCK  NO.  4,  ALABAMA. 


Normal 

18B6 

18W 

18QB 

1869 

1900 

1901 

Nomuil 

1808 

1897 

18B8 

1809 

1900 

1901 


Jan. 

Feb. 
5.  £8 

Mar. 
5.60 

Apr. 
4,86 

1           1 
May.  June.  July.  Aiiir. 

1 

fi.«8 

2.85  1  4.98    6.11  \  4.62 

4.60 

4.80 

4.25 

2.44 

a26    4.77  I  5.85     1.90 

4.69 

5.61 

8.28 

8.64 

1.72      .48    4.51    a45 

4.67 

.69 

4.11 

4.18 

1.49  1  5.27 

5.60 

4.85  1 

3.79 

7.91 

586 

4.82 

2.61     1.88    6.25  '  8.82 

286 

7.84 

7.80 

9.86 

8.48  ia06    6.97  I  2.51 

11.72 

a96 

6.22 

6.27 

8.98     1.85     8.79  ^  8.64 

2.20 
1.04 

.78 
2.44 

.06 
4.48 
5.08 


Oct. 


Nov. 


2.59 
1.71 
.74 
6.82 
1.19 
4.88 
2.50 


2.82 
2.61 
1.96 
4.84 

a6i 

6.04 
1.10 


Dec. 


4.25 

.87 
6.74 
2.01 
7.01 
4.26 
8.88 


An- 
nnal. 


51.34 
37.99 
42.45 
46.47 
47.11 
71.89 
63.49 


OPELIKA,  ALA. 


3.14 

4.33 

5.82 

4.44 

2.64 

2.98 

1.63 

1.94 

5.64 

1.89 

1.94 

1.U2 

1.06 

.70 

6.38 

5.88 

.96 

2.14 

.U 

1.26 

6.89 

9.80 

8.48 

9.27 

2.89 

2.47 

8.98 

8.69 

.81 

2.78 

.07 

9.89 

4.64 

4.06 

6.16 

8.29 

4.09 

4.06 

a46 

5.82 

3.85 

.60 

60. 8B 
8106 
44.79 
68.68 
45.28 
7a  07 
67.88 


OXANNA,  ALA. 


Normal 

1896 

1807 

1898 

1899 

1900 

1901 


5.18 
4.  IB 
a67 

a  00 

4.86 
a  95 
4.64 


4.90 
a  76 
5.29 
.80 
6.42 

a  80 

4.54 


5.88 
a  76 
a  65 

a  79 

5.96 
5.52 

5.17 


4.77 
2.64 
2. 77 
4.17 
2.99 
a  99 
6.28 


4.07 

4.47 

5.40 

2.72 

4.10 

4. 25 

1.73 

1.38 

7.16 

1.12 

2.88 

5.19 

1  80 

2.06 

a  81 

2.29 

10.86 

a4i 

an 

4.73 

5.13 

4.30 
.98 
2.91 
a  15 
a  66 
1.66 
7  87 


2.45 

1.66 

2.75 

4.27 

2.49 

1.58 

a  80 

.66 

.00 

.58 

1.87 

a  10 

1.85 

(1.66) 

4.ae 

1.75 

.05 

1.92 

2.60 

5.91 

4.69 

a  62 

a  24 

a  99 

a  16 

.70 

1.44 

a  40 

49.69 
34,56 
42.06 
88.68 
45.91 
66.82 
57.67 


TALLA8SEE,  ALA. 


Normal 

1896 

1897 

1898 

1899 

1900 

WOl 


5.11 

a  89 

6.60 

ail) 

a  40 

a  65 

a28     7.28 

11.25 

2.12    1.91 

a  70 

a62     7.12 

4.42 

.78    a84 

a  07 

a  44 

4.06 

7.17 

a  65 

2.72 

a  06 
a  25 

1.88 

a  56 

4.88 


2.69 
4.89 
1.89 
.25 
1.80 
1.68 
4.89 


4.18 

a  01 

a  67 

2.48 

1.97 

(4. 18) 

(a  01) 

(a  67) 

(2.48) 

(l.»7) 

(4.18)   4.58 

a  21 

(2.48) 

.41 

a71     7.23 

7.40 

1.35 

(1.97) 

2.15    a82 

a  89 

.24 

a  79 

a 48  (a 01) 

4.06 

a20 

2.57 

2.14 

2.40 

4.65 

a  85 

.82 

WETUMKA,  ALA. 


N'ormal 

1896 

1897 

1898 

1899 

1900 

1901 


4.80 
a  49 
2.92 
2.12 

a  96 
ai2 

5.07 


a  18 
a  46 
a  81 

2.15 

a  15 


a  39 
a  64 

14.02 

a  08 
a  92 


9.80  I  a97 

a40 ,  aa5 


4.41 

a  33 
a  46 
a  05 

2.08 

a  54 

4.96 


a  23 

4.26 
.93 
.62 

2.76 

1.88 
4.11 


a  37 
a  74 
.86 
2.00 
2.75 
a  96 
2.63 


a  19 
a  69 
2.04 
7.74 
a  39 
2.71 
1.96 


4.75 
4.51 
6,73 
a  52 
2.41 
a  52 
a68 


2.07 
1.62 
1.78 
1.98 
.22 
a  26 
a  72 


2.94 
1.18 

.20 
a  84 
4.86 
7.78 

.97 


a  14 
a  02 
2.47 
a  71 
2.46 
a  18 
1.44 


4.78 
1.78 
4.86 

a  87 

4.62 
a  42 

a  96 


49.20 
49.57 
47.58 
48.58 
45.07 
66.54 
47.22 
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[iro.  75. 


The  amount  of  water  delivere<l  from  the  drainage  basin  as  meas- 
ured at  the  points  named  below  has  been  computed  in  t«rms  of  depth 
in  inches.  The  normals  given  are  the  monthly  averages  for  times 
during  which  measurements  or  computations  were  had.  The  figures 
for  the  yearly  normal  are  the  sums  of  these  monthly  averages. 


Depth  of  run-off^  in  inches,  from  the  drainage  basin  of  Tcdlapoosa  River  at 

MiUtead,  Ala. 


Year. 


Normal 

1888 

1899 

1900 

1901 


Jan. 

Feb.  Mar. 

1           1 
Apr.  1  May. 'Jane. 

■ 

July. 

1.96 

2.78     2.50 

2.(V) 

1.13     1.28 

1.22 

.72 

.52      .00 

1.87 

.46 

.38  1    .75 

2.58 

4.8B     8.72 

2.82 

1.00 

.59     1.50 

1.12 

8,50 

3.07 

2.62 

1.12 

2.42 

1.63 

8.45 

2.88 

2.52 

8.49 

1.94 

1.74 

1.01 

Aug. '  Sept. 


1.88 

Wa  Mm' 

.67 

.84 
1.78 


.86 
.77 
.29 
1.45 
.91 


Oct. 

1.09 
2.19 

.80 
1.14 

.71 


Nov.   Dec 


1.02 
1.76 

.53 
1.28 

.54 


1.90 
1.73 
1.42 
1.95 
2.49 


An- 
nnal. 


19. 7D 

18.  as 

19.43 
£2.09 

23.41 


Rainfall  and  run-off  in  basin  of  Tallapoosa  River, 


Station. 


RAINFALL. 

Ashville 

Good  water 

Lock  No.  4 

Opelika 

Ozamia    . . 

Tallassee 

Wetnmka 

Average 

RUN-OFF. 

Tallapoosa  at  Milstead 
Percentage  of  rainfall 


Normal.     1896. 


1897. 


57.61 
49.56 
51.84 
50.88 
49.59 
52. 45 
49.20 


34.67 
89.76 
37.99 
34.03 
34.56 
48.29 
49.57 


42.15 
89. 75 
42.45 
44.79 
42.06 
52.12 
47.58 


IMW. 


46.14 
48.88 
46.47 
58.68 
88.68 
47.30 
48.58 


51.52  ;  89.74     44.41     47.10 


I  -  ■ 


19.70 


38.24 


18.85 


29.41 


1<hW. 


1900. 


1901. 


53.23 
50.43 
47.11 
45.28 
45.91 
44.64 
45. 07 


71.08 
75.48 
71.39 
73.07 
65.82 
53. 99 
66.54 


64.98 
60.09 
63.49 
67.38 
57.67 
55.91 
47.22 


47.38     68.20  ,   59.53 


19.43  ,  22.09  :    33.41 


41.01 


32.39      39.33 
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COOSA  RIVER. 

Estimated  monthly  dinciiarge  of  Etowah  River  at  Canton,  Oa, 

[Drainage  area,  OOi  square  mUee.] 


Month. 


January . . . 
Febmary  . 

March 

April 

Blay.. 

June 

July 

Angnst  --- 
September 
October . . . 
November. 
December . 


1901. 


Dischargre  in  second-feet. 


Rnn-off. 


Maximnm.    Minimnm. 


Mean. 


14,185 
5,470 

14,600 
4,474 

14,268  ' 
4,889 
2,648 

11,280 
2,814 
2,897 
1,820 

17,090 


The  year 


17,090 


988 

1,154 

988 

1,154 

1,154 

1.154 

905 

820 

988 

590 

905 

woo 

590 


1,965 
2,135 
1,890 
2,290 
2,894 
2,442 
1,817 
2,538 
1,488 
1,089 
1,062 
2,715 


I    Second- 
,    feet  per 
square 
mile. 


3.25 
8.58 
3.13 
8.81 
8.96 
4.04 
2.18 
4.19 
2.46 
1.72 
1.74 
4.50 


Depth  in 
inches. 


1,988 


8.21 


3.75 
8.68 
8.61 
4.25 
4.57 
4.51 
2.51 
4.88 
2.74 
1.98 
1.94 
5.19 


48.56 


NoTK.— Gage  heights  and  discharge  measurements  for  1901 
No.  0&,  page  275;  rating  table  on  page  322  of  same  paper. 


are  given  in  Water-Supply  Paper 


Estimated  monthly  discharge  of  Coosawattee  River  at  Carters,  Oa. 

[Drainage  area,  631  square  miles.] 


Month. 


January... 
February 

March 

April 

May 

June 

July 

August  ... 
September 
October  . . 
November. 
December . 


1901. 


Dischai^e  in  seoond-feet. 


Maximum. 


Minimnm. 


Mean. 


Run-off. 


The  year 


14,790 
5,070 

14,070 
9,750 

16,950 
2,694 
1,455 

16, 280 

12, 680 

1,075 

815 

15,510 


16,950 


765 
970 
815 
1,290 
917 
970 
585 
622 
970 
622 
622 
765 

585 


1,625 

1,871 

2,214 

2,806 

2,153 

1,538 

923 

2,778 

1,761 

783 

686 

2,689 


1,777 


Second- 
feet  per 
square 
mile. 

Depth  in 
inches. 

3.06 

8.53 

3.52 

8.67 

4.17 

4.81 

4.34 

4.84 

4.06 

4.68 

2.90 

8.24 

1.74 

2.01 

5.23 

6.03 

3.32 

8.70 

1.47 

1.69 

1.29 

1.44 

5.06 

5.83 

3.35 

45.47 

Note.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  65,  page  277;  rating  table  on  page  322  of  same  paper. 
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STREAM   MEASUREMENTS   IN   1901. 


[Ko.:^. 


Estimated  monthly  discharge  of  Oostanaula  River  at  Resaca,  Oa,^ 

[Drainage  area,  1,614  aquare  miles.] 


Month. 


1901. 

January  

i'i^brtiary 

March 

April  . .  . .  . 
November  ia-30.. 
December 


Discharge  in  aeoond-feet. 


Bnn-off. 


Depth  in 
inrbes. 


o  Half  year  station. 

NoTS.— Gkige  heights  and  discharge  measorements  for  1801  are  given  in  Water-Supply  Paper 
No.  66,  page  278;  rating  table  on  page  8SS  of  same  pajjer. 

Estimated  monthly  discharge  at  Coosa  River  at  Rome,  Oa. 

[Drainage  area,  4,006  square  miles.] 


Month. 


1901. 


January 

February  ... 

Inarch 

April .  _ 

Itfay 

June 

July  .  _  _ 

August 

September  .. 

October 

November  _. 
December . . 


Discharge  in  second-feet. 


BiinK>£F. 


Maximnm.l    Minimnm. 


52, 930 

35,845 

52, 930 

36,046 

51,724 

19,966 

9,715 

45,292 

21,172 

5,230 

2, 850 

64,186 


The  year 64, 1 86 


4,600 
4,900 
4,600 
6,901 
4,150 
4,450 
2,850 
2,850 
3,120 
2,350 
2,110 
2,475 


Mean. 


Second- 
feet  per  Depth  in 
square  !   inches, 
mile. 


15,450 

12,186 

13,406 

15, 578 

12,533 

8,316 

4,441 

13,780 

6,389 

3,414 

2,316 

13,428 


3. 86 
3.04 
8.34 
3.88 
3.12 
2.08 
1.10 
3.44 
1.59 
.85 
.58 
3.35 


2.52 


4.4.-) 
8.17 
3.  SI 

4.33 
3.60 
2.^ 

3.97 

1.77 

.9^ 

.65 

3.N6 


34.  e^ 


Note.— G«ge  heights  and  discharge  measurements  for  1901  are  given  in  Water-Snpply  Paper 
No.  66,  page  278;  rating  table  on  page  fSSt  of  same  pajwr. 


i-l  mASTEBN   GITI.F   DEAINAGE. 

Eutimated  numthlg  dincharge  of  C'oima  River  near  Rivertide,  Ala. 

DlacliBrge  In  swond-feet. 


Jsnoary  .... 
Febmary  .  . 
Uarch  ... 

May-.-       . 

Jnly 

Angnat 
September  - . 
October 

November  . 
December  . . 

Theyei 


Note.— rteg«  belghta  aod  disrliaTice  measurements  fm 
No.  <B,  yatce  ST9;  isfiog  table  on  page  3S3  of  same  paper. 


8.9T0 

21.784 

7,400 

20.613 

14,500 

80,616 

6,670 

16,195 

6,810 

13,335 

4.900 

6,635 

4.400 

20,370 

.■i.TOO 

9,977 

4.280 

5,694 

3,8.W 

4,016 

4. 30 
S.31 
8.37 
4.88 
3.64 
1.95 
1.07 
3.33 
1.57 


D  Wat«r-Bnpplr  Paper 


Fia.  m-PlBctum  Dl  U»OM  BlTer  near  Blvemlde.  Ala.,  IflOl. 
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8TREAM   MEASUREMEIiTS    IN   1901. 


[itO.TS. 


Eatimateil  monthly  discharge  of  Talkidega  Creek  at  Nottingham,  Ala. 

[DraiiMge  area,  156  aqnare  mileB.] 


Month. 


Diflchaivo  in  second-feet. 


j 
Maximum. :  Minimum. 


1900. 


Angnst  16-31 
September  .. 

October 

November  . . 
December . . . 


1901. 


January  .. 
February  . 

Marcb 

April 

May 

Jmie 

July 

Angrnst  . . . 
September 
October . .  - 
November 
December. 


The  year 


2,286 
636 
724 
746 


2,880 


74 

90 
180 
152  • 


1,802 

284 

1,626 

806 

1.824 

240 

2,830 

828 

724 

240 

526 

152 

196 

180 

872 

90 

614 

90 

482 

90 

152 

90 

1,714 

90 

90 


Mean. 


118 
575 
190 
249 
291 


485 
449  I 
405 
591  [ 
806 
218  ' 
149 
148  I 
148 
128 
97 
264 


282 


Run-off. 


Seoond- 

feetper 

square 

mile. 


3.11 

2.88 

2.60 

3.79 

1.96 

1.40 

.96 

.95 

.95 

.79 

.62 

1.69 


1.81 


Depth  in 
limht^ 


0.72 
3.69  ^ 
1.22  ' 
1.60  ' 
1.87  ■ 


0.43 
4.12 
1.41 
1.79 
2.16 


3.59 
3.00 
3.00 
4.23 
2.26 
1.56 
1.11 
1.10 
1.06 
.91 
.69 
1.95 


24.46 


NoTB.— Gage  heicrhts  and  discharge  measurements  for  1901  are  given  in  Water-Supply  I^per 
No.  66,  page  881;  rating  table  on  page  JfiB  of  same  paper. 
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ALABAMA  RIVER 

Estimated  monthly  discharge  of  Alabama  River  at  Selma,  Ala, 

[Drainage  area,  18,600  square  mfles.] 


Month. 


1900. 

January..- 50,110 

Febrnary ...  128,540 

March - _  ..  89,478 

April  ...    109,960 

May 41,864 

June - - 94,000 

July ...  98,468 

August -  - .  88, 140 

September 52, 504 

October 85,480 

November 46,120 

December 48, 780 

The  year 128,540 

I 

1901. 

January 107,300 

February 95,862 

March 92,670 

April ;  104,640 

May.... I  59,420 

June ,  53,568 

July  .'. 21,318 

August I  66,868 

September 46, 120 

October 21,914 

November 8, 750 

December .  94, 000 

The  year >  1 07 ,  300 


u-ge  in  second-feet. 

Run-off. 

Minimum. 

Mean. 

Second- 
feet  per 
square 
mile. 

Depth  in 
inches. 

,        9, 676 

26,495 

1.96 

2.26 

10,920 

68,768 

4.72 

4.91 

87,874 

58,272 

4.82 

4.98 

21,648 

60,909 

4.51 

5.08 

18,668 

21,090 

1.56 

1.80 

'      12, 220 

85,288 

2.61 

2.91 

12,660 

83,964 

2.52 

2.90 

1        9,124 

14,156 

1.05 

1.21 

7,189 

17,866 

1.29 

1.44 

7,097 

14,492 

1.07 

1.23 

7,596 

18,506 

1.87 

1.58 

8,750 

28,989 
83,772 

61,213 

2.15 

2.48 

7,097 

2.84 

32.68 

22,446 

4.53 

5.22 

80,692 

55,087 

4.08 

4.25 

21,382 

39,017 

2.89 

8.33 

32,288 

78,048 

5.41 

6.04 

10, 120 

26,966 

2.00 

2.31 

7,818 

1 

26,030 

1.93 

2.15 

;        7,596 

13,586 

1.00 

1.15 

1        9, 582 

80,858 

2.29 

2.64 

'       10, 428 

1          ' 

19, 394 

1.44 

1.61 

7, 931 

11.022 

.82 

.95 

,        7,981 

8,266 

.61 

.68 

8,511 

26,638 

1.97 

2.27 

7,596 

32, 5a5 

2.47 

82.60 

. 

NOTX.— Gage  heights  and  discharge  measurements  for  liWl  are  given  in  Water-Supply  Paper 
No.  6ft,  page  888;  xmting  table  on  page  888  of  same  paper. 


STREAM   MEASUREHEN're   IN   1901. 


mm 


aofiaa 


Fio.  ao.— Dbclurse  of  Alabama  Blrer  at  Selma,  Ala.,  10)9-1101. 


NXWlOiL.] 


EA8TEBK   GULF   DRAINAGE. 


95 


BLACK  WARRIOR  RIVER. 

Estimated  monthly  dUtcharge  of  Mulberry  Fork  of  Black  Warrior  River  near 

Cordova,  Ala. 

[Drainage  area,  1,900  square  miles.] 


Month. 


1900. 


June  _ 

July  .     . 

An^nst 

September 
October  . . . 
November. 
December. 


1901. 


January' . . . 
February  . 

March 

April 

May 

Jiuie 

Jidy 

August 

September 
October  . . 
November 
December . 


Discharge  in  seoond-feet. 


MaTimnm. 


49,284 
11,248 
2,144 
1,951 
18,098 
6,808 
6,660 


51,800 

31,820 

29,600 

23,088 

10,064 

5,920 

3,404 

17,168 

6,660 

1,669 

660 

31,820 


"MlTilTn^-^m 


The  year i      5 1 ,  800 


1,134 
810 
660 
205 
60« 
384 
968 


1,762 

1,486 

1,486 

2,242 

968 

320 

205 

205 

320 

320 

320 

518 

205 


Mean. 


16,185 
2,975 
1,016 
556 
1,782 
1,487 
2,154 

8,713 

6,616 

6,637 

6,967 

2,539 

1,582 

631 

4,155 

1,415 

687 

468 

4,923 


Btin-off. 


Second- 
feet  per 
square 
mile. 


8.52 
1.57 
.53 
.29 
.91 
.78 
1.13 


4.59 

3.48 

3.49 

3.67 

1.34 

.83 

.33' 

2.19 

.74 

.36 

.25 

2.59 


Depth  in 
inches. 


9.51 

1.81 
.61 
.32 

1.05 
.87 

1.30 


3,778 


1.99 


5.29 

3.62 

4.02 

4.10 

1.54 

.93 

.38 

2.53 

.83 

.42 

.28 

2.99 

26.98 


a  This  minimum  is  estimated  from  rating  curve.    The  lowest  actual  discharge  measured  was 
at  gage  height  .40,  and  was  386  second-feet. 

NoTB.— Gkige  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  P«per 
No.  86,  page  283;  rating  table  on  page  883  of  same  paper. 
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STBEAM   MEASUREMENTS   IN   1901. 


[NO.  (3. 


Estivuttml  monthly  discharge  of  Black  Warrior  River  at  Ihisoalooaaf  Ala. 

[Drainage  area,  4,900  square  zniles.] 


Discharge  in  second-feet. 


Month. 


Maximum. 


1901. 


January 108,375 

February 56, 100 

March 40,900 

April 57,020 


May 

Jnne 

July 

Augrust  ... 
September 
October . . . 
November. 
December. 


10, 765 
9,010 
3,815 

29,550 
8,660 
4,775 
1,022 

80,250 


The  year 


Minimum. 


4,870 

4,165 

3, 815 

5,330 

2,330 

850 

415 

840 

710 

445 

512 

710 


Mean. 


22,938 
15.094  ! 
11,947  I 
17,370  , 
4,355 
3,217 
1,210 
7,117 
2,626 
1,536 
712 
13,293 

8,454 


Run-ofF. 


Second- 
feet  per     Depth  in 
square        inches, 
mile. 


4.68 

3.08 

2.44 

3.55 

.89 

.66 

.25 

1.46 

.54 

.31 

.15 

2.71 


5.S9 
8.31 
2.81 
3.96 
1.03 
.74 
.29 
1.67 
.60 
.^ 
.17 
3.12 


1.78 


23.35 


Note.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  F^per 
No.  65,  page  284;  rating  table  on  page  388  of  same  paper. 
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TOMBIGBEB  RIVER. 

Egtimated  monthly  discharge  of  Tombigbee  River  at  Columbus,  Miss. 

[Drahiage  area,  4,440  sqtuure  milM.] 


Month. 


January... 

February  . 
Marcli  .... 

April 

May 

June 

July- 

August  ... 
September 
October . . . 
November. 
December. 


1900. 


The  year 


1901. 


January... 
February  . 

March 

April 

May 

June 

July 

Ang^nst  ... 
September 
CX5tober . . . 
November - 
December. 


The  year 


Discharge  in  second-feet. 


Bxin-off. 


Maximnm. 


18,864 
16,486 
23,938 
40,498 
18,450 
37,600 
29,596 
10, 414 
1,775 
10,188 
10,000 
11,794 


40,498 


88,786 
24,852 
29,182 
21,040 
11,656 

7,792 

1,097 
24,352 

7,240 
915 

1,000 
17,590 

33,736 


Minimum. 


2,962 

2,686 

6,688 

3,100 

1,464 

8,790 

2,410 

707 

682 

566 

1,097 

1,464 

566 


2,410 

8,790 

8,514 

3,376 

1,328 

707 

582 

582 

758 

650 

650 

810 


Mean. 


5,588 

8,659 

15,285 

21,265 

4,944 

27, 692 

11,411 

2,257 

950 

3,989  , 

4,304 

5,239 


9,299 


582 


14, 193 

12,533 

10,884 

9,890 

4,949 

2,767 

730 

7,673 

2,008 

748 

756 

6,730 


6,155 


Hecond- 

feet];>er 

sqnare 

mile. 

Depth  in 
inchee. 

1.26 

1.45 

1.95 

2.08 

8.42 

8.85 

4.79 

5.84 

1.11 

1.28 

6.24 

6.96 

2.57 

2.97 

.51 

.59 

.21 

.28 

.90 

1.04 

.97 

1.08 

1.18 

1.86 

2. 09         28. 18 


3.20 

3.69 

2.83 

2.95 

2.45 

2.88 

2.23 

2.49 

1.11 

1.28 

.62 

.69 

.16 

.18 

1.73 

1.99 

.45 

.50 

.17 

.20 

.17 

.19 

1.52 

1.75 

1.89 


18.74 


NoTX.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  65,  page  286;  rating  table  on  page  828  of  same  paper. 
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8TBBAM  HEASUBEMEirrS  IN  1901. 
Ettimated  monthly  dtteharge  of  Tombtgbee  River  at  E 

[Drftln*^  are&,  tiJW  Hqn&re  miles.] 

Dladuirge  In  Beoand-feet. 


Jann&ry 

Fobniary 

March 

April.- , 

May 

Jnly 

Angost  16-81 . . 


October-... 
November.. 


47,100 
35,700 
30,300 
34,500 
13,000 
13,000 
1,4S4 


gH,oou 
ao,oan 


:«  kIi^si  Id  Wkter-SappiT  Pip« 


Fio.  ei.-Dlacharge  ot  Tomblgbee  Blvar  at  Epos.  Afat.,  ttOl. 
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KASTERN  MISSISSIPPI  RIVER  DRAINAGE. 

For  convenience  of  classification  the  tributaries  of  the  Mississippi 
River  draining  from  the  east  and  including  the  main  river  above  its 
junction  with  the  Missouri,  have  here  been  grouped  together.  These 
eastern  tributaries  vary  widely  in  character,  both  as  regards  type  of 
rivers  and  the  topography  of  the  areas  which  they  drain.  Those 
draining  the  comparatively  low  rolling  country  adjacent  to  the  valley 
of  the  Mississippi  are  as  a  rule  sluggish  streams  with  few  falls  of 
importance,  while  the  upper  Ohio  River  and  its  numerous  tributaries, 
on  the  contrary,  drain  a  country  of  high  elevations,  their  upper 
courses  being  through  narrow  V-shaped  valleys,  with  frequent  falls 
and  with  high  rocky  banks.  Owing  to  the  steep  slopes  the  run-off  is 
rapid,  causing  sudden  fluctuations  in  the  streams  and  giving  rise  to 
the  high  floods  and  extreme  low  waters  for  which  the  Ohio  Basin  is 
noted,  and  the  influence  of  which  is  felt  to  a  marked  degree  even 
in  the  flow  of  Mississippi  River  below  Cairo. 

Systematic  records  have  been  kept  during  1901  at  numerous  points 
along  the  principal  tributaries  of  the  Ohio  River,  on  the  Mississippi 
River  at  St.  Paul,  and  on  the  Yazoo  River  at  Yazoo  City. 

UPPER  OHIO  RIVER. 

Estimated  monthly  discharge  of  Youghiogheny  River  at  FriendsvUle,  Md, 

[Drainage  area,  285  square  miles.] 


Month. 


1901. 


January  _ . 
February  . 

March 

April 

May 

Jnne 

Jtdy 

Angost  ... 
September 
October  _ . . 
November. 
December. 


The  year 


Discharge  in  second-feet. 

Maximom. 

Minimum. 

Mean. 

1,942 

600 

4,450 

4,336 

3,082 

1,942 

785 

400 

300 

130 

350 

5,362 

575 

600 

600 

865 

400 

300 

130 

130 

95 

95 

95 

300 

803 

600 

1,824 

2,103 

1,167 

692 

231  1 

194 

159 

105 

176 

1,651 

5, 362 

95 

809 

Run-off. 


Second- 
feet  per  '  Depth  in 
square  j  inches, 
mile.  I 


2.72 

2.03 

6.18 

7.13 

3.96 

2.35 

.78 

.66 

.54 

.36 

.60 

.56 


2.32 


3.14 

2.11 

7.12 

7.96 

4.57 

2.62 

.90 

.76 

.60 

.42 

.67 

.65 


31.53 


Note.— Oage  heights  and  discharge  measurements  for  1901  are  given  m  Water-Supply  Paper 
Ifo.  6&,  page  289;  rating  table  on  page  323  of  same  paper. 
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[so.  75. 


Estimated  monthly  discharge  of  Cheat  River  near  Unetxi,  W.  Va, 

[Drainage  area  1,875  square  miles.] 


Month. 


Discharge  in  seoond-f  eet. 


Maximum. 


July 

Angnst  ... 
September 
October  _ . . 
November - 
December . 

July 

Angnst  ... 
September 
October  _ . . 
November. 
December . 


1899. 


1900. 


2,232 
3,210 

3,070 
6,442 


4,610 
1,956 
730 
730 
3,070 
7,270 


Minimum. 


357 
404 
278 
538 
1,000 


Mean. 


1.370 

924 

952 

336 

1,732 

2,387 


730 
278 
190 
190 
273 
1,136 


1,888 
614 
254 
840 
903 

2,682 


Run-off. 


Seoond- 

feet  per     Depth  in 
square        tziches. 


1.00 

.67 

.69 

.24 

1.26 

1.74 


1.00 

.  t  t 

.38 
1.41 
2.01 


1.37 
.45 
.18 
.25 
.66 

1.95 


1.58 

.20 

.29 

.59 

2.03 


NoTK.— Gage  heights  and  discharge  measurements  have  been  published  as  follows:  For  1*QB. 
in  Water-Supply  Paper  No.  86,  page  160;  for  1900,  in  Water-Supply  Paper  No.  48,  page  ITT: 
rating  table  in  Water-Supply  Pai)er  No.  65,  page  323;  later  measurements  on  page  9B0  of  same 
TpKpoT. 

GREAT  KANAWHA  RIVER. 

Estimated  m/mthly  discharge  of  Greenbrier  River  at  Aldersotij  W.  Vd. 

[Drainage  area,  1,344  square  miles.] 


Month. 


Jannary... 
February  . 
March  . . . 

April 

May 

June 

July 

August  ... 
September 
October . . . 
November . 
December . 


1901. 


Discharge  in  second-feet. 


MftYJirmTn 


21,050 

2,440 

14, 300 

19, 340 

20, 875 

20, 530 

4,080 

2, 550 

2,110 

315 

425 

37, 700 


The  year '      37.700 


Minimum. 


590 

590 

590 

1,535 

857 
920 
280 
250 
280 
145 
120 
250 

120 


Mean. 


2,339 

1,031 

2,685 

6,320 

4,349 

3,938 

1,277 

845 

689 

230 

188 

4,765 


Bun-off. 


Second-  i 

feet  iier  !  Depth  in 

square  |    inches, 
mile. 


2,388 


1.74 

.77 

2.00 

4.70 

8.24 

2.93 

.95 

.63 

.51 

.17 

.14 

3.55 


I 


I 


1.78 


2.01 
,80 
2.31 
5.24 
3.74 
3.27 
I.IU 

.57 

,a^ 

.16 

4.10 

24.2:] 


Note.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Pkiper 
No.  66,  iMige  290;  rating  table  on  page  3S8  of  same  paper. 
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Estimated  monthly  discharge  of  New  River  at  Radford,  Va, 

[Drainage  area^  2,725  square  miles.] 


Month. 


1898. 

Angnst 

September 

October 

November 

December 

1899. 

January 

February 

March 

April 

May 

June.-- 

July 

Augnst  .  - 

September 

October 

November 

December 

The  year . . . 

1900. 

January 

February 

March 

April 

May 

Jnne 

July 

August 

September 

October 

November 

December 

The  year  _ . . 


Discharge  in  second-f eet. 


MaxlTrmni. 


16 
31 
49 
4 
11 


19 

28 

53 

19 

9 

18 

8 

4 

6 

2 

8 

20 


58 


14 

23 

32 

19 

8 

8 

9 

2 

13 

118 

38 

21 


118 


080 
160 
880 
765 
920 


200 
040 
000 
720 
320 
680 
860 
290 
720 
000 
860 
240 


000 


000 
360 
720 
200 
800 
800 
840 
220 
220 
000 
960 
800 


000 


Minimum. 


2,220 

1,800 
2,450 
2,450 
2,970 


3,250 
2,970 
7,240 
8,860 
2,970 
2,000 
1,400 
1,400 
1,400 
1,400 
950 
950 


950 


1,800 

2,000 

8,860 

2,970 

8,250 

2,970 

1,400 

575 

600 

850 

2,000 

2,700 


575 


Mean. 


4,257 
5,587 
9,068 
3,475 
4,806 


5,595 
12,521 
18, 126 
8, 493 
5,390 
4,307 
2,043 
1,968 
2,513 
1,452 
1,645 
8,165 


Run-off. 


Second- 
feet  per 
square 
mile. 


Depth  in 
inches. 


5,602 


4,173 
6,802 
11,244 
6,656 
4,156 
4,824 
2,635 
1,209 
2,289 
7,810 
5,871 
5,815 


5,208 


1.56 
2.05 
3.38 
1.28 
1.76 

2.05 

4.60 

6.65 

3.12 

1.98 

1.58 

.75 

.72 

.92 

.58 

.60 

1.16 


2.06 


1.58 

2.50 

4.18 

2.44 

1.58 

1.77 

.97 

.44 

.82 

2.87 

1.97 

1.95 


1.80 
2.29 
8.84 
1.48 
2.08 


2.86 

4.79 

7.68 

8.48 

2.28 

1.76 

.86 

.83 

1.08 

.61 

.67 

1.84 


27.69 


1.76 
2.60 
4.76 
2.72 
1.76 
1.97 
1.12 
.51 
.91 
8.81 
2.20 
2.25 


1.91  I      25.87 
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Estimated  monthly  diacharge  of  New  River  at  Radford,  Va, — Contmned. 


Month. 


1901. 


January.. 
February -. 

March 

April 

May 

June 

Jnly 

Angast — 
September 
October . . . 
November. 


Discharge  in  second-feet. 


lfH.Tinfiwm- 


22,830 

6,200 

24,400 

128,400 

187,  Tew 

42,080 

34,800 

106,560 

82,200 

14,000 

4,765 

December I      99,800 


The  year 


137,760 


Mfnimnm. 


2,220 
1,600 
675 
8,540 
8,860 
5,715 
8,860 
8,540 
3,540 
2,220 
1,400 
1,600 


675 


4,825 

8,155 

4,587 

16, 214 

16,651 

14,807 

8,997 

21,850 

8,264 

4,604 

2,092 

15,605 


10,096 


Rnn-off. 


Second- 
feet  per 
sqaare 
mile. 


1.59 
1.16 
1.68 
5.95 
6.11 
5.43 
3.30 
8.02 
3.03 
1.69 
.77 
5.73 


8.71 


Depth  in 
inches. 


1.83 
1.21 
l.f4 
6.64 
7.06 
6.06 
3.80 
9.24 
3.38 
1.95 
.86 
6.60 


50.56 


NOTB.— Oage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Snppiv  Paper 
No.  66t  page  293;  rating  table  on  page  383  of  same  paper. 

Estimated  monthly  discharge  of  New  River  at  Fayette,  W,  Va, 

[Drainage  area,  6,200  square  miles.] 


Montii. 


1901. 


January  .. 
February  . 

March 

April « 

May  1-22  a. 


Discharge  In  seoond-f eet. 


MaTimnm. 


29,100 
12,350 
82,400 
107,740 
60,430 


MininiTim. 


6,520 

5,520 

5,520 

14,946 

11,100 


Mean. 


11,220 
8,036 
12,775 
41,855 
17,700 


Bnn-off. 


Second- 
feet  per 
square 
mile. 


1.81 
1.30 
2.06 
6.75 
2.85 


Depitiiin 
indiea. 


2.09 
1.35 
2.38 
7.53 
2.33 


a  Approximate  from  Apr.  81  to  May  4. 

NoTK.— Gage  heights  and  diacharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  66,  page  MM. 
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TENNESSEE  RIVER. 

Estimated  monthly  discfiarge  of  French  Broad  River  near  ABhemlle^  N.  C, 

[Drainage  area,  967  square  mJIeii.] 


Month. 


January  . 
February 
March  ... 

April 

May 

June 

Jnlya.... 


1901. 


Diflchaz^re  in  second-feet. 


Maximum. 


12,940 
4,135 
22,220 
15,655 
24,160 
10,800 


Angnst  ... 
September 
October . . . 
November 
December. 


20,820 

11,500 

7,300 

2,170 

26,350 


Minimum. 


2,170 
2,055 
1,945 
3,145 
2,620 
3,060 


Mean. 


2,000 
2,760 
2,170 
1,890 
1,890 


3,206 
2,396 
4,166 
6,772 
5,043 
4,852 


10,740 
5,132 
2,810 
1,984 
6,288 


Bun-off. 


Second- 
feet  per 
square 
mile. 


3.25 
2.42 
4.22 
6.86 
5.11 
4.92 


10.88 
5.20 
2.84 
2.01 
6.87 


Depth  in 
inches. 


3.75 
2.61 
4.86 
7.65 
5.89 
6.49 


12.64 
6.80 
8.28 
2.24 
7.86 


a  No  record. 

KoTB.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Sujiply  Paper 
Ko.  65,  page  801;  rating  table  on  page  828  of  same  paper. 

Estimated  monthly  discharge  of  Tennessee  River  at  KnoxvUle,  Tenn, 

[Drainage  area,  8,990  square  milee.] 


Month. 


Discharge  In  seoond-feet. 


Maximum. 


Jannary  .. 
Febrnary  . 

March 

April 

May 

June 

Jnly 

August 

Sex^tember 
October .  - . 
November. 
December . 


1900. 


19, 322 
56,505 
58,830 
27, 210 
11,082 
88,720 
25,350 
11,082 
14, 570 
41,160 
42,090 
28,140 


Minimum. 


8,850 
4,850 
15,818 
11,082 
6,170 
5,882 
5,322 
4,250 
3,450 
8,450 
4,850 
6,462 


Mean. 


8,717 

18,202 

28,349 

14,942 

8,179 

12,860 

9,867 

5,697 

5,722 

7,568 

10,282 

10,814 


The  year 58,830 


3,450        11,767 


Bnn-ofF. 


Seoond- 
feet  per 
square 
mile. 


Depth  in 
inches. 


0.97 

2.02 

3.15 

1.66 

.91 

1.48 

1.10 

.63 

.64 

.84 

1.14 

1.20 


1.81 


1.12 

2.10 

8.64 

1.85 

1.06 

1.60 

1.27 

.78 

.71 

.97 

1.27 

1.88 


17.69 
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Estimated  monthly  discharge  of  Tennessee  River  at  KnoxvUle,  Tenn. — Ck)ntiniied. 


Hcmth. 


Diacharge  in  aeoond-f eet. 


Ifa-flTniiTn^ 


Jannary  . 
Pebmary 
March  . .  _ 


1901. 


60,225 
18,823 
71,850 
April I      76,965 


May 

June 

July 

Angnst  ... 
September 
October . . . 
November 
December. 


The  year 


146,250 
44,880 
20,287 
77,480 
86,510 
15,398 
6,760 

141,600 


ICJnlxnnxii. 


146,250 


7,062 

6,760 

6,760 

16,242 

10, 010 

13,362 

6,760 

6,760 

8,822 

6,170 

5,050 

5,322 


5,050 


17,164 
12,202 
16,188 
87,089 
30,887 
23,340 
11,622 
34,046 
15,342 
8,546 
5,698 
30,796 


Beoond- 
feet 


mile. 


20,238 


1.91 
1.36 
1.80 
4.13 
8.43 
2.60 
1.29 
3.79 
1.71 
.95 
.63 
3.48 


DepHiin 


2.25 


8.20 
1.42 
2.08 
4.61 
3.96 
8.90 
1.49 
4.37 
1.91 
1.10 
.70 
3.95 


SO.  69 


Note.— €kige  heights  and  diacharge  measurements  for  19Q1  are  given  in  Water-Snpply  Pkper 
No.  65,  page  8()8;  rating  table  on  page  324  of  same  paper. 

Estimated  monthly  discharge  of  Tudkasegee  River  at  Bryson,  N,  C 

[Drainage  area,  062  square  miles.] 


Month. 


January... 
February  . 

March 

April 

May 

June 

Jnly 

Angnst  ... 
September. 
October  . . . 
November. 
December . 


1901. 


Discharge  in  seoond-f eet. 


Maximum. 


The  year 


19,580 

3,675 

17, 550 

11,125 

26,250 

3,675 

2,850 

19,000 

5,515 

2,650 

950 

35, 820 


85,820 


Minimum. 


1,015 

950 

950 

2,255 

1,370 

1,700 

830 

710 

1,295 

830 

600 

600 


Mean. 


Run-off. 


2,432 
1,538 
2,862 
3,828 
8,536 
2,255 
1,250 
4,653 
2,003 
1,034 
707 
4,285 


600 


2,532 


Second- 
feet  per 
square 
mile. 


3.67 
2.32 
4.82 
5.78 
5.84 
3.41 
1.89 
7.03 
3.02 
1.56 
1.07 
6.47 


3.82 


Depth  in 
inches. 


4.23 
8.41 
4.98 
6.45 
6.15 
8.81 
8.18 
8.10 
8.37 
1.80 
1.19 
7.46 


58.13 


Note.— Gage  heights  and  diacharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  &■),  page  304;  rating  table  on  page  324  of  same  paper. 
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Ettirnated  monthly  diteharge  of  Little  Tenne»aee  River  at  Judaon,  N.  C. 

[Drainage  area,  S7I  square  mUea.] 

DlaahaTKe  In  second-Ieet. 


Jaan&ry... 
Febmary  . 

May 

Jnly. 


October 

November. . 
December . . 


13,800 

3,950 

28,660 

14,000 

40,580 

7,560 

3,510 

33,125 

3,140 

8,!:36 

1,135 

57,540 

8,877 
8,967 


1,745 
6,188 
1,550 

1,874 


4.80 
0.91 
5.57 
4.06 


e.59 
6.43 
4.53 
8.99 

10.56 
3.57 
3. 36 
1.51 

13.88 


n  tn  Water-Sapply  Paper 


l&OOO 
KUXO 


s,an 

4,000 


Fig.  St.— DlBcharge  of  Little  Tenneeeee  Blver  at  JndBaa,  N.  C,  1901. 
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Estimated  monthly  discharge  of  Hivxissee  River  at  Murphy^  N.  C. 

[Drainage  area,  410  sqiiare  mileB.] 


Month. 


1901. 


Jannary... 
Febmary  . 

March 

April 

May 

June 

jTily 

Angnst  ... 
September 
October . . . 
November . 
December . 


The  year 


Discharge  in  aeoond-f  eet. 


'Hlf-'^^TtmTl. 


6,960 
3,990 
9.840 

10,920 
9,480 
2,100 
3,180 

13,260 

8,860 

1,560 

630 

14,340 


14,340 


MtTiiimiTn 


670 
750 
710 
1,880 
750 
840 
520 
450 
750 
485 
420 
450 


420 


Bnn-off. 


Second- 
feet  per    I  Depth  is 
square        inches, 
mile. 


1,599 

1,429 

1,554 

2,585 

1,941 

1,265 

829 

3,068 

1,254 

627 

484 

1,976 


1,547 


8.90 
3.49 
8.79 
6.18 
4.73 
8.09 
2.02 
7.48 
8.06 
1.53 
1.18 
4.82 


4.,% 

ties 

4.37 
6.^ 
5.45 
8.45 
2,33 
8.e 
3.42 
1.76 
1.83 


5.  .>> 


q  7-   ! 


51.29 


NoTK.— Qage  heights  and  discharge  measarements  for  1901  are  given  in  Water-Sni^ly  P&iier 
No.  66,  page  906;  rating  table  on  page  824  of  same  paper. 

Estimated  monthly  discharge  of  Nottely  River  at  Ranger,  N.  C. 

[Drainage  area,  272  aqnare  miles.] 


Month. 


1901. 
February  16-28. .. 

March 

April 

May 

Jtme 

July 

August 

September 

October 

November 

December 


Discharge  in  second-feet. 


Maximnm. 


3,410 
2,000 
3,860 
1,460 
2,300 
4,100 
2,660 
590 
560 
5,360 


M^tilm^m- 


440 
620 
410 
580 
380 
290 
530 
350 
350 
380 


Mean. 


Bnn-ofF. 


Seoond- 

feet  per 

sqnare 

mQe. 


514 
774 
956 
894 
790 
689 
1,486 
823 
463 
886 
927 


1.89 
2.85 
8.51 
3.29 
2.90 
2.35 
5.46 
3.08 
1.70 
1.42 
3.41 


Depth  in 
inches. 


0.91 
3. 29 
3.93 
3.T9 
8.24 
2.71 
6.29 
3,3S 
1.96 

1.5!^ 
8.93 


Note.— Oage  heights  and  discharge  measarements  for  1901  are  given  in  Watei^Sapidy  Pspsr 
No.  66,  page  806;  rating  table  on  page  824  of  same  paper. 
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Etiimated  monthly  discharge  of  HiuHxsaee  River  at  Reliance,  Tenn, 

[Dralxiage  are*,  1,1W  square  miles.] 


Month. 


January. 


1901. 


Discharge  in  snoond-f  eet. 


ICaximom. 


30,800 

Febrnary i      12,560 

March 

April 

May 

Jtme 

July 

Angust 

September 

October 

November 

December 


The  year 


34,640 

26,040 

87,520 

7,250 

8,620 

88,680 

5,790 

2,375 

1,805 

82,%I0 


37,520 


Minimum. 


1,805 
1,485 
1,805 
8,350 
2,170 
2,875 
l,4a5 
1,840 
2,375 
1.340 
1,340 
1,340 

1,340 


Mean. 


5, 015 
8,448 
4,595 
6,282 
5,468 
8,576 
2,116 
8,190 
3,848 
1,796 
1,494 
6,257 


Run*off. 


Second- 
feet  per 
square 
mile. 


4.25 
2.92 
8.89 
5.82 
4.68 
3.08 
1.79 
6.94 
2.84 
1.52 
1.27 
5.80 


4,299  I        8.68 


Depth  in 
inches. 


4.91 
8.04 
4.49 
5.93 
5.85 
8.38 
2.06 
8.00 
8.17 
1.75 
1.42 
6.12 


49.62 


NoTK.— <}age  heights  and  discharge  measurements  for  1901  are  given  in  Water-Sujiply  Paper 
No.  66,  page  806;  rating  table  on  page  804  of  same  paper. 

JSstimated  monthly  discharge  of  Hiwassee  River  at  Charleston,  Tenn, 

[Drainage  area,  2,207  square  miles.] 


Discharge  in  second-feet. 


Month. 


January... 
February  . 

March 

April 

May 

Jime 

July 

AxLgnst  ... 

September 

October... 

November 

December. 


1901. 


MaTJmum. 


The  year 


84,000 

18,845 

29,505 

28,780 

35,740 

12,540 

6,596 

25,785 

16, 165 

5,290 

3,405 

87,190 


87,190 


Minimum. 


8,550 
3,695 
3,550 
5,725 
3,985 
4,275 
2,825 
2,390 
3,840 
2,825 
2,390 
2,390 


2,390 


Mean. 


7,774 
5,860 
7,549 

10,384 
8,999 
6,329 
8,789 

11,052 
5,624 
3,340 
2,709 
8,840 

6,854 


Run-off. 


Second- 

feet  per 

square 

mile. 


8.38 
2.55 
8.28 
4.51 
8.91 
2.75 
1.65 
4.81 
2.45 
1.45 
1.18 
3.84 


2.98 


Depth  in 
inches. 


8.90 
2.66 
8.79 
5.03 
4.51 
8.07 
1.90 
5.55 
2.73 
1.67 
1.32 
4.48 


40.56 


KoTB.— Oage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  66,  page  800;  rating  table  on  page  884  of  same  Paper. 
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Piu.  33.— Discli&rBe  at  Hlwueee  River  &t  Cturleeton,  Tenn..  ISUl, 

Estimated  monthlj/  discharge  of  Toccoa  River,  near  Blueridge,  Oa. 

[DrKlnage  area,  £81  Bqture  miles,] 


Dlacturge  In  second-feet. 


feet  per     DepUi  in 


Jannary  .-_ 
Febroary  .. 

March 

April 

May 

July 

Aognst 

September  . 

October 

November. . 


1,100 
T6S 

1,077 


4.76 
8.81 
4.66 
6.81 

e.ea 

4.88 
8.83 
0.78 
4.BS 
S.68 
2.18 
9.78 


5.49 
S.44 
B.87 
7.0t 
7.98 
4.88 
3.82 
11.22 
S.53 
3.09 


n  in  W«t6r-8npplr  Paivr 


TBLL.)  EA6TEBN   HISSISSIPPI   SIVEB   DBAINAOE.  1 

BtHmated  monthly  discharge  of  Tennegaee  River  at  Chattanooga,  Tenn. 
{DniDBge  ■»■,  £1,418  aqium  mllea.) 


1«01, 

Jannary 

Febrnary 

March 

May _ 

July  ..._ 

Angnst 

September 

October 

November 

The  year.. 


19,600 
19,050 

19,050 
S8,400 


13,8 

32,660 
13,360 
11,660 

12,080 

11,600 


36,516 
44,952 
90,080 


18,076 

65,009 


1.70 
3.10 
4.44 
3.21 


2.73 
1.77 
2.43 
4.06 
8.70 
2.49 
1.29 


in  In  Water-supply  Piper 


100,000 
H),00a 


Fia.  31.— DlactiArKe  of  Tenneoiee  R 


)t  ChAttanDoga,  Tenn.,  19DL 
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GREAT  IaAKES  BRAINAGB. 

Stations  have  been  maintained,  as  in  past  years,  on  Sandnsky  River 
at  Fremont,  Ohio,  and  on  Maumee  River  near  Waterville,  Ohio,  bat 
owing  to  lack  of  sufficient  discharge  measurements  the  flow  of  the 
former  during  1901  has  not  been  computed.  Stations  were  main- 
tained during  1901  on  Grand  River  at  North  Lansing,  Mich.,  and  at 
several  points  in  the  city  of  Grand  Rapids,  Mich.  Results  of  meas- 
urements made  of  Grand  River  at  the  Chicago  and  West  Michigan 
Railroad  bridge  at  Grand  Rapids,  Mich.,  are  given  for  the  years  1897 
to  1900,  the  records  of  daily  discharge  of  which  were  published  in 
Water-Supply  Paper  No.  49,  page  243. 

MAUMBB  RIVER. 

In  the  following  pages  are  given  the  results  of  measurements  made 
during  1901  for  Maumee  River  at  Waterville,  Ohio,  together  with  a 
comparison  of  the  run-off  from  the  drainage  basin  with  the  precipi- 
tation observed  at  the  rainfall  stations  in  the  basin. 

Estimated  monthly  discharge  of  Maumee  River  near  Waterville^  Ohio. 

[Drainage  area,  ft,lll  square  miles.] 


Month. 


1901. 

January  

February  ... 

March 

April 

May 

June 

July 

August 

September  . 

October 

November  .. 
December . . . 


Discharge  in  seoond-feet. 


Maxi- 
mum. 


Mini- 
mnm. 


Mean. 


6,110 
9, 450  ^ 
27,600  I 
8,160  i 
22, 750 
15,220 
14,215 
140 
80 
1,020 
180 
11,200 


480 

580 

2,240 

1,020 

530 

660 

80 

5 

10 

10 

60 

110 


The  year I  27,600 


2,889 

3,716 

11,207 

8,646 

3,147 

3,599 

2,503 

47 

42 

246 

98 

2,585 


2,771 


Bun-off. 


Seoond- 
feet  per 
square 
mile. 


0.891 
.606 

1.834 
.596 
.515 
.589 
.410 
.008 
.007 
.040 
.016 
.423 


Depth  in 
inches. 


0.451 
.638 

2.114 
.658 
.594 
.657 
.478 
.009 
.008 
.046 
.018 
.488 


Per     Rainfan. 

cent  of 
rajn- 
fkU. 


28.7 

43.6 

81.9 

80.2 

15.8 

17.1 

15.5 

.3 

.6 

1.7 

1.2 

18.5 


1.90 
1.4o 
3.58 
2.18 
3.90 
8.84 
3.06 
2.74 
1.35 
2.73 
1.53 
3.63 


.  453       6. 149 


19.9       30.89 


Note.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Piaptf 
No.  65,  page  ai3 

PRECIPITATION  IN  BASIN  OF  MAUMBB  RIVBR. 

The  principal  observations  of  rainfall  made  within  the  basin  of 
Maumee  River  are  at  the  stations  enumerated  in  the  following  table, 
which  gives  the  precipitation  by  months  for  1901.     The  figures  of 
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average  monthly  precipitation  derived  from  this  table  are  compared 
in  the  next  preceding  table  with  the  monthly  discharge  of  Maumee 
River  near  Waterville,  showing  the  relation  between  precipitation 
and  run-off  in  the  basin. 


Precipitation  at  stations  in  drainage  basin  of  Maumee  River, 


station. 


1901. 

Angola 

Auburn 

Bluffton 

Port  Wayne 

Adrian 

Ck)ldwater 

HiUfldale 

Benton  Ridge... 
Bowling  Green. 


JDefiance. 
Findlay.. 


Kenton  

Leipeic 

Montpelier  ... 

Napoleon 

New  Bremen. 

Ottawa 

Swanton 


Celina 1.74 


8.19 
1.68 
1.17 
1.40 
2.12 
2.79 
2.58 
1.42 
2,57 


1.10 
1.46 
1.12 
2.61 
1.83 
8.80 
1.68 
1.28 
1.64 
2.01 
Van  Wert '  1.68 


Wauaeon 2.10 

Total 141.81 

Mean I  1.90 


1.98 
1.44 

.98 
1.74 
1.31 
1.75 
2.68 
2.10 
1.80 

.80 
1.07 
1.46 
1.08 


1.70 
1.70 
1.25 
.77 
1.26 
1.44 
1.46 
1.88 


Mar. 


a26 

1.15 
2.78 


Apr. 


2.54 
1.94 
2.84 


2.37 
2.71 
2.95 
8.15 
2.86 
3.14 
2.35 
3.80 
8.(tt 


'  2.20 
\  2.44 
i  2.51 
1.26 
2.60 
2.05 
2.04 
8.57 


80.44 
1.45 


51.60 
2.58 


1.83 
2.18 
1.96 
2.08 
2.23 
2.27 
1.87 
2.46 
2.19 


1.81 
2.82 
2.01 
2.11 
2.34 
2.12 
2.11 
2.90 


43.67 
2.18 


May 


I 


2.75 
2.45 
4.16 


2>3 
1.78 
2.64 
3.70 
4.91 
4.79 
3.96 
4.65 
5.28 


June. 


4.10 
2.87 
3.29 


2.28 
4.96 
8.55 
8.60 
3.98 
8.98 
8.47 
2.79 
8.26 


July. 


5.95 
1.38 
1.28 


8.96    8.05 


3.52 
4.08 
4.67 
4.82 
8.58 
6.63 
8.67 


4.01 
6.10 
5.14 
2.46 
6.68 
2.32 
5.15 


1.75 
4.67 
2.68 
2.66 
4.42 
3.24 
6.08 
1.86 
1.80 


Aug. 


4.58 
3.71 
4.79 


Sept. 


2.05 
4.10 
2.20 

2.  as 

4.88 
1.86 
2.16 
2.96 
2.25 


a20    2.14 


77.04  76.88 
8.90    3.84 


5.07 
2.98 
1.68 
3.32 
3.71 
1.63 
2.86 


2.45 
2.63 
2.11 
2.61 
2.55 
1.60 
1.98 


0.87 
1.80 
1.12 


.97 
.78 
.96 
1.82 
1.82 
1.96 
1.54 
1.85 
1.76 


Oct.  1  Nov. 

I 


6.15  i  1.81 
8.71  1.15 
8.40  ;  1.50 


61.26 
8.06 


54.88 
2.74 


.92 
.64 
1.44 
1  61 
l.dSt 
1.74 
1.95 


25.68 
1.36 


3.46 
6.56 
6.63 

.24 
1.15 

.94 
2.68 

.86 
2.27 


1.80 
1.82 
2.00 

2.83 
.05 

1.41 
.94 

1.86 


Dec. 


8.47 
1.67 
4.01 


1.22 
4.00 
1.73 
1.00 
.60 
1.86 
2.24 
2.88 


51.96 
2.78 


1.01 
1.71 
1.27 
1.25 
1.64 
1.92 
1.28 
1.61 


29.14 
1.58 


2.91 
8.25 
3.12 
3.50 
4.21 
3.58 
4.14 
3.87 
4.08 


4.43 
3.10 
3  02 
8.75 
2.25 
3.88 
4.64 
5.73 


72.55 
3.68 


An- 
nual. 


40.60 
24.26 
80.70 


24.92 
87.30 
82.84 

85.66 
29.24 
81.75 
37.96 
29.45 


85.08 
28.66 
26.55 
27.64 
82.68 
20.27 
85.32 


30.80 


GRAND  RIVER. 


Estimated  monthly  discharge  of  Orand  River  at  the  Chicago  and  West  Michigan 

Railroad  bridge,  Orand  Rapids,  Mich. 

[Drainage  area,  4,900  square  miles.] 


Month. 


1897. 

May 

Jnne 

Jnly 

Angrtist 

September 

October 


Bun 

Mean  dls- 

charsre  in 

second-feet. 

Second- 
feet  per 

square 
mile. 

2,892 

0.59 

1,761 

.36 

1.582 

.33 

1,517 

.81 

1,370 

.28 

1,181 

.24 

Depth  in 
mches. 


0.68 
.40 
.88 
.86 
.81 
.28 
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Estimated  monthly  discharge  of  Grand  River  at  the  Chicago  and  West  Michigan 

Railroad  bridge,  Grand  Rapids,  Mich. — Continaed. 


November, 
December . 


January... 
Febmary  . 

April 

May 

June 

Jnly 

Angnst  . . . 
September 
October... 
November. 
December. 


January  . 
February 
March  . . . 


April 

May 

June 

July 

August  ... 
September 
October... 
November. 
December . 


Month. 


18©7. 


18d8. 


1899. 


The  year 


1900. 


January 
February 
March  . . 
April 


Meandis- 

charpein 

seoond-feet. 


1,488 
2,882 

8,007 
7,240 
4,988 
2,365 
1,785 
1,487 
1,867 
1,694 
1,888 
2,645 
8,024 


6,965 
4,728 
9,648 
10,708 
8,088 
2,286 
1,719 
1,617 
1,741 
1,715 
1,798 
2,059 


4,001 


2,620 

7,524 

5,945 

11,991 


Bon-olf 


Seoond- 

feetper 

square 

mile. 


Depth  in 


0.80 
.49 

.61 
1.48 
1.01 
.48 
.35 
.80 
.88 
.85 
.87 
.54 
.62 


1.42 
.96 
1.97 
2.18 
.68 
.46 
.85 
.83 
.36 
.85 
.37 
.42 


.82 


.58 
1.53 
1.21 
2.45 


0.33 
.56 

.70 
1.54 
1.13 
.53 
.39 
.35 
.44 
.89 
.43 
.60 
.71 


1.64 

1.00 

8.27 

2.43 

.72 

.53 

.40 

.38 

.40 

.40 

.41 

.48 


11. a5 


.61 
1.59 
1.39 
2.78 
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HUDSON  BAY  BRAIKAGE. 

During  the  year  1901  systematic  measurements  were  commenced  in 
the  basin  of  Red  River  of  the  North  within  the  United  States,  under 
the  direction  of  Prof.  Charles  M.  Hall,  director  of  the  State  agricul- 
tural and  economic  survey  of  North  Dakota.  Red  River  has  its 
source  in  Lake  Traverse  and  in  its  course  through  the  United  States 
forms  the  boundary  between  the  States  of  Minnesota  and  North  and 
South  Dakota,  draining  a  broad  level  area  of  highly  fertile  lands. 
After  crossing  the  international  boundary  it  receives  from  the  west 
Mouse  River,  a  tributary  of  considerable  length,  which  drains  a  large 
area  of  North  Dakota;  it  then  flows  into  Lake  Winnipeg,  whence, 
after  mingling  with  the  waters  of  the  Saskatchewan,  it  discharges 
through  Nelson  River  into  Hudson  Bay. 

Stations  were  maintained  during  1901  on  Red  River  at  Grand  Forks, 
N.  Dak.,  Moorhead,  Minn.,  and  Pembina,  N.  Dak.,  and  on  Red  Lake 
River  at  Crookston,  Minn.,  with  a  view  to  studying  the  feasibility  of 
irrigating  lands  in  Red  River  Valley.  No  results  of  measurements 
for  1901  are  here  published,  however,  the  data  being  insufficient  for 
the  present  to  warrant  computation  of  the  flow  at  these  x>oints. 

ST.  MARY  RIVER. 

In  connection  with  the  contemplated  water  storage  and  diversion 
of  St.  Mary  River  into  Milk  River,  a  station  was  established  during 
1901  on  St.  Mary  River  at  Main,  Mont.  The  river  is  a  tributary  of 
Belly  River,  which  in  its  turn  flows  into  the  Saskatchewan.  A  full 
description  of  St.  Mary  River  was  published  in  the  Twenty-second 
Annual  Report,  Part  IV,  pages  268  to  271,  and  additional  information 
is  set  forth  in  the  following  pages,  relating  to  the  diversion  scheme 
alluded  to. 

Estimated  monthly  discharge  of  St,  Mary  River  at  Main,  Mont. 

[Drainage  area,  896  square  miles.] 


Month. 


1901. 


Jtdy  14-81 . 
AngoBt  -_. 
September 
October . . . 
November 
December. 


Diachar^  in  second-feet. 


Haxi- 
mum. 


1,574 
677 
465 

345 

278 


Mini- 
mom. 


653 
485 
326 
265 
220 


Mean. 


1,906 
932 
576 
401 
292 
241 


Total  in  acre- 
feet. 


68,049 
57,306 
34, 274 
24,657 
17, 375 
14,819 


Run-off. 


Second- 
feet  per 
square 
mile. 


6.40 
3.13 
1.93 
1.35 
.98 
.80 


Depth 

in 
inches. 


4.29 
3.61 
2.15 
1.56 
1.09 
.92 


KoTB.— Oage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
Ho.  60,  page  15;  rating  table  on  page  170  of  same  paper. 
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UPPER  MISSOURI  RIVER  BRAIKAGE. 

The  Missouri  is  formed  by  the  junction  in  southeastern  Montana, 
at  Three  Forks,  of  Jefferson,  Madison,  and  Gallatin  rivers.  Its  prin- 
cipal tributaries  are  the  Milk  and  Yellowstone,  which  for  convenience 
are  considered  separately.  Discharge  measurements  are  in  progress 
on  all  of  these  streams,  as  well  as  on  Crow  Creek,  a  tributary  of  Mis- 
souri River,  and  on  the  Upper  Missouri  proper  at  Townsend,  Mont, 
where  the  Missouri  River  Commission  maintains  a  gage.  Results  for 
1901  are  given  in  the  following  pages. 

PRECIPITATION  IN  UPPER  BASIN  OF  MISSOURI  RIVER. 

The  principal  observations  of  rainfall  made  within  the  basin  of  the 
headwaters  of  Missouri  River  are  at  the  stations  enumerated  in  the 


OUarysvlUe 


O  F6rt  Logan 
^   White  Sulphur  O 


Fio.  85.— Location  of  xiyor  and  rainfall  stations  in  the  upper  basin  of  MisBoari  River. 

following  table,  which  also  gives  their  geographic  location,  elevation 
above  sea  level,  and  length  of  record  of  observations.  ITie  relative 
location  of  these  points  is  shown  in  fig.  35,  in  connection  with  the 
points  of  river  measurement  which  are  located  at  Salesville,  Logan, 
Redbluff,  Sappington,  Bozeman,  Radersburg,  and  Townsend. 
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Location  of  rainfall  stationa  in  Upper  Missouri  River  Basin, 


Station. 

County. 

State. 

Latitade. 

Longitnda 

Elevation. 

Length  of 
record. 

Butte 

Bilverbow 

Montana . . . 

e     / 

e       / 

F^t, 

YearB. 

7-  8 

Fort  Logan 

Meagher 

do 

11-18 

Port  Yellow- 
stone. 
Hi=»len» 

Yellowstone    Na- 
tional Park. 
Lewis  and  Clarke . . 
Park 

Wyoming.. 

Montana... 
do 

44  58 
46  84 

110  41 
112    4 

6,870 

13-16 
21-22 

Lfivingston 

4,487 

5-7 

The  following  table  gives  the  figures  of  normal  or  average  monthly 
precipitation  from  the  beginning  of  the  record  and  including  1901, 
together  with  the  total  precipitation  by  months  for  the  years  1896, 
1897,  1898,  1899,  1900,  and  1901,  and  also  the  annual  totals.  In 
obtaining  the  normal  precipitation,  the  average  is  taken  for  all  of  the 
months  during  which  observations  were  made. 

Precipitation  at  stations  in  drainage  basin  of  Upper  Missouri  Biver. 

BUTTE,  MONT. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

Jane.  July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

An- 
nual. 

N^oTmal 

6.05 
.80 

1.20 
.67 

2.35 
.30 
.60 

0.60 
.37 
.70 
.55 
1.30 
1.05 
.65 

1.04 
.32 
1.04 
1.56 
1.21 
1.20 
1.65 

1.82 
.65 
1.68 
.51 
1.57 
2.75 
2.85 

1.95 
1.48 
1.44 
(1.95) 
2.46 
2.90 
3.40 

1.62 
1.07 
3.02 
3.06 
.55 
.66 
2.00 

1.05 

1.19 

1.19 

.54 

.90 

L13 

.55 

0.73 
.87 
.30 
.45 

2.85 
.48 
.80 

L16 
1.95 
.96 
.91 
.55 
1.40 
.90 

0.94 

.47 

1.10 

(.94) 

1.65 

2.06 

.45 

0.56 
1.62 
1.52 

(.56) 
.14 
.20 
T. 

0.77 
.87 
1.12 
(.77) 
1.10 
.40 
1.70 

17.88 

1896 

10.51 

i89r 

1898 

1809 

15.24 
12.87 
16.22 

1900 

14.55 

1901 

14.56 

FORT  LOaAN, ! 

• 

MONT. 

0.61 
(.61) 

.62 

.09 
1.26 

T. 

.72 

0.48 
.02 
.62 
.00 
.40 
.54 

1.50 

0.79 
.19 
.74 

1.68 
.64 
.79 
.72 

1.04 
.26 
.82 
.66 
.42 
1.33 
1.71 

1.89 
1.48 
1.22 
4.48 
.67 
1.61 
(1.88) 

2.25     0.96 

0.60 
(.60) 

T. 

.49 
1.00 

.49 

.85 

1.08 

(1.08) 

.48 

.40 

.30 

1.81 

2.43 

0.86 
.44 
1.96 
1.28 
1.71 
1.18 
.11 

0.80 

2.71 

2.69 

2.04 

.10 

.38 

T. 

0.70 

(.TO) 

(.70) 

.56 

.82 

.84 

1.50 

12.14 

1896 

1897  

.62 
8.96 
3.28 
(2.26) 

.67 
3.60 

2.90 

2.21 

1.76 

T. 

.15 

.70 

11.61 
15.94 

1896 

1899 

16.62 
9.57 

1900 

1901 

8.77 
16.72 

FOBT  YELLOWSTONE,  WYO. 


Konnal 

1896 

2.51 
2. 21 
1.12 

.81 
4.21 

.92 
2.28 

2.15 
2.07 

.83 
1.21 
3.40 
1.65 

.72 

2.23 
2.62 

1.08 
1.40 
3.00 
3.13 
1.46 

1.45 
1.29 
1.21 
.96 
2.30 
1.98 
1.08 

1.91 
3.85 
1.55 
1.95 
2.52 
2.42 
2.72 

1.62 
.73 
2.84 
2.67 
1.90 
1.17 
1.43 

1.20 
2.00 
1.11 
1.15 
1.42 
.80 
.80 

1.15 
.37 
.5,7 

2.05 

2.23 
.28 

1.65 

l.(Xi 

1.10 

.31 

00 

.90 

.86 

2.86 

1.26 
.06 
1.72 
2.25 
2.02 
1.22 
.90 

2.20 
3.92 

2.82 
.46 

21.02 
20.77 

1897 

2.98       .80 

1.55      .67 

.04     1.90 

15.62 

1H98   

17  06 

1899- 

25.84 

190O 

1.17 

1.18 
2.58 

16.73 

1901_ 

19.67 
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STREAM   MEABUBSMENTB   IN   1901. 


[sa^L 


Precipitation  cU  tiiUtans  in  drainagehasin  of  Upper 

HELENA,  MONT. 


River — Contiinied. 


I 


Nomial 

1806 

1807 

1808 

iMO 

1900 

1901 


I 


Jan. 

1.15 
.72 
.80 
.20 

1.60 
.08 
.66 


Feb. 

0.73 
.50 

1.49 
.82 
.33 
.64 
.44 


Apr. '  May.  June. 


0.83 

i.n 


1.17 
1.23 


j  1.23  I  1.15 

2.30*    .56 


1.27 

.00 

1.06 


.TO 
2.49 
1.58 


1.06 
2.25 
1.14 
4.88 
1.08 
a22 
4.11 


2.26 

.n 

8w66 

8.52 

.84 

.19 

1.83 


Joly- 

Aug. 

Sept.j 

1.07 

0.66 

1.33 

.89 

.86 

2.54 

1.89 

.52 

.66 

1.71 

.71 

.87 

.63 

1.26 

.64 

.23 

.99 

L39 

.40 

.17 

2.63 

Nor. !  Dec. 


0.85 

.24 

.81 

1.10 

1.45 

1.21 

,07 


0.81 
a29 
2.22 


.30 
.16 


0.85 
.35 
.59 
.28 
.62 
.43 

I.n 


naaL 

15.3f> 

11.7!8 

ILtt 


mVINQSTON,  MONT. 


Normal 

1896 

1897 

1806 

1809 

1900 

1901 


'0.60 

'    .37 

.44 

T. 

1.06 

T. 

(.60) 


a87 

0.76 

.10 

1.26 

.96 

.49 

.28 

L20 

1.26 

1.20 

.14 

.44 

.01 

.06 

a59 

3.76 

» 

1.02 

0.75 

0.42 

1.28 

5.83 

a96 

.70 

2.40 

.85 

.69 

.15 

2.87 

.83 

L56 

.52 

.60 

&80 

L«8 

T. 

.43 

1.80 

L66 

1.04 

4.08 

4.28 

1.28 

1.26 

.61 

L82 

.78 

.50  (a76)(L92) 

(.75) 

(.«) 

(1.28) 

(5.88) 

.46 

(.50)  (3.76)     .00 

.01 

.05 

.90 

1.20 

.03 

.77 

8.00 

1.65 

.30 

.62 

2.10 

.25 

.28 

aas 

T. 
.65 

.10 

1.20 
.40 
.94 


i:.« 

10.  OB 

u.t: 

16.  w 

19.61 

7.K 


Depth  of  run-off,  in  indies^  from  the  drainage  basin  of  Middle  Creek  near  Boze- 

many  Mont, 


Tear. 

Jan. 

1 

Feb. 

Mar.! 

May. 

10.78 
8.73 

Jnne. 

July. 

Aug.  Sept. 

Oct. 

Nov.     Dec 

1898 

11.42 
11.88 

9.79 

10.01 

1.87 

8.90 
9.85 
1.15 

8.40 

8.48 

.97 

8.61 

» 

1 
iai4  !    8.» 

1800 

19U0 

..-.;  8.91 

9.UU 

8.91 

I 

Average 

....'  8.91 

9.00 

8.91 

9.73 

11.65 

7.22 

6.47 

5.06 

8.61 

iai4 .  !>.» 

Depth  of  run-off^  in  inches,  from  the  drainage  basin  of  OaUatin  River  at  Logan. 

Mont. 


Year. 

Jan. 

0.48 

Feb. 

Mar. 

Ai>r. 

May. 

Jnne. 

Jnly. 

Ang. 

1 
Sept. 

Oct. 

Nov. 

Dec 

An- 
nnaL 

1806 

0.44 

0.49 

0.40 

0.77 

3.11 

0.86 

0.49 

a47 

0.48 

0.47 

o.a 

9,« 

vxn 

.49 

.42 

.46 

.68 

2.69 

2.00 

.40 

.82 

.86 

.44 

.47 

.46 

OlSS 

1808 

.09 

.06 

.46 

.71 

1.60 

3.15 

.n 

.26 

.45 

.66 

.37 

(.») 

9.IJ 

1000 

.65 

.64 

.71 

.78 

2.23 

1.55 

.23 

.24 

.83 

.43 

.48 

.45 

8.:^ 

Average  . . . 

.63      .38 

.53 

.87 

1.86 

2.45 

.57 

.88 

.40 

.48 

.45 

.48 

9.'tf 

Depth  of  run-off,  in  inches,  from  the  drainage  basin  of  Madison  River  at  i?i'i 

Bluff,  Motit. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 'Jnly. 

Ang. 

O.0B 

1.48 

1.15 

.92 

Sept. 

0.82 

L20 

1.01 

.90 

.79 

Oct. 

Not. 

Dec. 

Ab- 
nnal 

1897 

0.80 

0.80 

0.89 

1.01 

1.85 

2.38 
3.21 
2.85 
1.08 
1.80 

1.41 
2.01 
1.51 
1.06 

0.87  1  0.90     0.93 

UC 

1898 

1.20 

1 

1809      

4.49 
2.36 

2.82 

.98 
1.08 

.82 

1900 

' 

.47 

.61 

.95 
1.06 

.89 
.81 

.91 

UOl 

.61 
.75 

.56 

1.12  1    .86 

......~. 

Average  . . . 

.68 

.06     1.00     3.88 

1 

2.43     1.42 

1.07 

.94 

.98 

.87 

.98  .      S.« 

NKWJBLIi.]] 


UPPER  MISSOtXBI   RIVER   DRAINAGE. 
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Depth  of  run-off,  in  inches,  from  the  drainage  basin  of  West  Gallatin  River  at 

Salesville,  Mont. 


Year. 

Jan. 

Feb.  Mar. 

I 

o.ao  1  0.40 

.97       .75 

Apr. 

May. 

1897 

0.33 
.81 
.98 
.81 
.68 

0.76 
log 

5.15 

1898 

3.44 

1899 

.60      .67     1.25 
.56  !    .61       .69 

1.65 

1900 

4.09 

1901 

4.89 

Avenfct^  ... 

.71 

.63  1    .67 

1 

.94 

3.84 

8.64 
6.02 
7.22 
4.23 
2.90 


4.80 


1.76 
2.62 
6.12 
1.06 
1.07 


2.53 


An^. 

Sept. 
0.65 

Oct. 

Nov. 

Dec. 
0.60 

0.85 

0.70 

0.68 

1.25 

1.04 

1.06 

.91 

1.01 

1.76 

1.18 

1.14 

1.10 

1.00 

.69 

.60 

.66 

.62 

.48 

.70 

.64 

.65 

.60 

.61 

1.05 

1.62 

.83 

.74 

.74 

An- 
nual 


15.71 
20.96 
24.78 
15.67 
14.60 

18.84 


Depth  of  run-off,  in  incites,  from  the  drainage  basin  of  Jefferson  River  at  Sappiiig- 

ton^  Mont, 


Year. 

Jan.  j  Feb. 

Mar. 

0.20 
.17 

Apr. 

May. 

Jnne. 

July.  lAug. 

Sept. 

Oct. 

Nov. 

1 
Dec. 

1 

0.18 
.18 
.11  I. 

.»   . 

1 

An- 
nual. 

• 

1897 

0.20  1  0.18 
.20  1    .18 

0.41 

1.10 

0.54 

1.01 

1.36 

.60 

0.80 
.44 
.80 
.18 

1 
0.10  1  0.09 

.14      .14 

.25       .16 

0.12 
.17 
.21 
.17 
.10 

0.16 
.19 
.25 
.19 
.13 

8.56 

1898 

.44 
.25 

.77 
.63 

4.08 

1809... 

1900 

1 

1 

.38  .    .88 
.29       .89 

.07 

.00 

.08 

1901 

1 
......i...... 

.47      .16      .07 

..[.-.... 

1 

1 

Average ... 

.20       .18 

.19 

.35 

.84 

.78 

.36 

.13 

.11 

.16 

.18 

.17 

asi 

Depth  of  run-off,  in  inches,  from  the  drainage  basin  of  Missouri  River  at  Toumsend, 

Mont, 


Year. 

Jan. 

Feb. 

0.20 
1.06 

Mar. 

Apr. 

May 

1897 

1896 

0.22 
1.09 

0.24 
.36 

0.55 
.46 

1.26 
.81 

.77 

1  no 

1899 

1900 

.64 
.62 

.73 
.67 

.69 
.46 

.46 

1901 

.33  }  1.20 

Average . . . 

.60 

.66 

.44 

.45 

1.03 

0.87 

1.41 

2.24 

.73 

.70 


1.19 


July. 

0.48 
.49 

1.12 
.17 
.23 


.49 


Aug 


0.21 
.18 
.30 
.14 
.12 


.21 


Sept. 


Oct.  'Nov. 


Dec. 


0.20 
.20 
.26 
.16 
.13 


.19 


0.26 

0.27 

0.29 

5.00 

.24 

« 

.81 

.31 

.85 

.22 

.29 

.20 

6.61 

.21 

.22 

.78 

5.62 

.25 

.27 

.42 

6.84 

Rainfall  and  run^off  in  Upper  Missouri  River  Basin, 


An- 
nual. 


Stations. 

Normal. 

1806. 

10.61 
11.61 
20.77 
15.38 
10.68 

18»r. 

15. 24 
15. 94 
15. 62 
16.16 
11.77 

1898. 

12.37 
16.62 
17.06 
17.40 
16.08 

1899. 

1900. 

14. 55 

8.77 

16.73 

11.62 

7.52 

1901. 

RAINPALIi. 

Butte - 

17.88 
12.14 
21.02 
13. 65 
17.60 

16.22 
9.57 
25. 84 
11.78 
19.64 

14.55 

Fort  Logan 

Fort  Yellowstone.  _ 

15.72 
19.67 

Helena 

Ld  vingston 

14.71 
15.32 

Average  rainfall 

16. 46     13. 79 

1 

14, 95 

15. 91 

16.61 

11.84 

15.99 
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8TBEAM  MEASUREMENTS  IN  1991. 


[KO.'S. 


BainfcUl  and  run-off  in  Upper  Missouri  River  Basin — Contiiined. 


Stations. 

Normal. 

i«n. 

1897. 

1 

1808. 

18». 

1900. 

im 

RUN-OFP. 

(MlatiTi  at  Tx>gAn 

9.02 
8.81 

13.66 
5.84 

18.34 

9.06 

5.71 
17.66 

9.28 
3.58 

18.66 
5.00 

15.71 

9.00 
4.03 

8.72 

Jefferson  at  Sappmgton 

Madison  at  Bed  Blnff 



Miflsomi  at  Townsend 

West  Gallatin  at  Salesville  - 

5.00 
20.96 

5.51 
15.61 

5.S 
14.60 

Average  run-off 

10.08 

5.29 

9.45 

9.75 

.  -  - . . .  ^ 

9.95 

10.05 

Percentage  of  rainfall  o 

60.94 

38.36 

60.54 

61.28 

84.05 

63.91 

a  This  high  percental^  is  prolaably  due  to  the  feet  that  the  rainfall  as  recorded  is  that  for  tba 
lower  oountry,  and  does  not  represent  the  true  rainfall  on  the  catchment  area. 

WEST   GALLATIN    RIVER. 

Estimated  monthly  discharge  of  West  Gallatin  River  near  SdUavtOe^  Moni. 


■•««a»f  wv  tm 

K..J 

Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Rim-off. 

Mazi. 

Hini- 
mom. 

Mean. 

Secoad- 

feet  per 

square 

mile. 

Depti 

in 
inelMfi. 

605 

456 

605 

81,061 

0.59 

o.« 

495 

466 

466 

26,805 

.54 

.56 

475 

435 

462 

27,792 

.53 

.61 

700 

455 

629 

81,478 

.62 

M 

7,810 

1,230 

8,643 

223,998 

4.24 

4.8$ 

4,120 

1,580 

2,233 

132,873 

2.60 

2.90 

1,440 

515 

799 

49,129 

.93 

i.o: 

620 

496 

528 

82,465 

.61 

.7'^ 

495 

475 

494 

29,395 

.57 

M 

495 

475 

486 

29,821 

.56 

.65 

475 

435 

466 

27,669 

.54 

.60 

476 

465 

458 

28,161 

.53 

.61 

7,810 

436 

921 

670,637 

1.07 

14.01* 

Month. 


1901. 


January  .. 
February  . 

March 

April 

May 

June 

July 

Angnst  ... 
September 
October . . . 
November 
December . 


The  year 


Note  -<3asre  heights  and  discharge  measurements  for  1901  are  given  in  Water-Sapply  Vsper 
No.  (tf,  page  17;  rating  table  on  page  170  of  same  paper. 


c-ft. 
8,000 

T,000 

ajma 

MOO 

8,000 

ijno 

0 

10» 

W2D 

Alii 

■sePT 

?■* 

J'^l 

1 

u 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

k 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

FlO.  at.— Diaclurga  or  West  QsUstlii  BiTer  nmr  SaleBvlUe,  KonL,  1901. 

HADISON  RIVBR. 

Egtimated  monthly  discharge  of  MadUon  River  near  Red  Bluff,  Mont, 


[Dr«i™g8 

Lr«,  2,086 

IW^mileB.] 

DlBcluirB6  in  second-foet 

Tot^^^ 

Bnn^lt. 

HoDth. 

Hul- 

Htnl- 

MMn. 

Seoond- 

s 

1901. 

■11,106 
"1,106 
"1,106 

1,958 
5,085 
8.857 
2,013 
1,560 
1,475 
1,475 
1,516 
"1,475 

68,005 
61,424 
68,005 
116,509 
812.664 
199,756 
laS, 774 
95,920 
87,769 
90,695 
60,208 
90,6^ 

0.53 
.58 
.68 

.94 
2.44 
1.61 
.97 
.75 
.71 
.71 
.78 
.71 

April 

2,275 
8,825 
5,400 
2,400 
1,900 
1,475 
1,475 
1,650 

1,900 

3,825 
2,400 
1,650 
1,475 
1,475 
1,475 
1,475 

July- 

August 

1.13 

October 

.82 

The  year 

1.936 

1,405,424 

.98 

NoTB.— Ottge  belghts  and 


lApproilin&te. 
dlacbarge  measoremeDta  tor  1901  are  glTen  fu  'Water.Snpply  Fkper 
on  ptKS  110  of  Bama  paper. 


I  STRKAH    HEASUBEMENTS   IN   1901.  [h 

JEFFERSON  RIVER. 

Estimated  monthly  dincharge  of  Jefferson  River  at  Sappington,  Mont. 

[Dninage  uw.  8.984  sqiikre  mllfla.] 


Hi4rcli  .. 
April  ..- 
May    -  - 

Jnly ---- 
AngnBt. . 


October 

Norember.. 


IHaobirgie  In  Becond-tt 


1,443 

89,491 

2,S8! 

135,729 

6,»4B 

437.377 

3,754 

223,379 

1,187 

^.986 

Raa-oB. 


e  given  In  Water^opplj  P^per 


8ec.-fl, 

JAN, 
10  20 

»»| 

MAR. 

APR. 

51 

0     wjol 

K)20 

NM 

)0» 

M 

S'S 

MB 

, 

6.000 

.1 

1 

8,000 

1 

" 

? 

9, 

Ll 

W. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

II 

Q.  ST.^DlsctaAT^  of  Jefferson  Blver  at  Ssppfngton,  Hont..  1! 


I-l 


TTPPEB    HISSOOBI   EITRR   DRAINAQB. 


MISSOURI  RIVER. 
Ettimated  monthly  discharge  of  Miaaouri  River  n. 

[DntliiKgB  srw.  11.500  aqnsre  miles. 
Dlacbarge  In  second-feet. 


1901. 

Jannar^ 

Febrnary . '  10, 220 

March  - 

April 

May '.  22,150 

June - - I  19,4S0 

JiUy '    6.800  ; 


r  Toymaend.  Mont. 


September  .._ 2,020 

October I    3,020 

November _ 3,030 

t>eceinber '.  16,825 


The  year.. 


■■  22, 8f 


3,745 
7,373  I 
5,600  j 


1,200 
2,250 
2,745 


4,340 
15,029  I 


1,S21 

1,778 


S,96S 
9.473 


re  given  In  Wat«r-8Qpply  PKper 


aec.-ft. 

s- 

"s; 

% 

io,t>» 

S,000 

0 

LI 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Pio.  88.— DI«cbarKe  of  MlBaoorl  Rlre 


IX  Towiuend,  Hont..  1901. 
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STKBAM  M£A8UB£M£KTS   IN  1901. 


[HO.^ 


MILK  RIVER. 

Egtim-ated  monthly  discharge  of  MiOe  River  at  Havre^  Mont, 

[Drainage  area,  7,800  square  mJlea.] 


Ifontli. 


1901. 
March  10-30.... 

April 

May 

June 

July 

August 

September 

October 

November 


Diaoharge  in  eeoond-feet. 


Maxi- 
mnm. 


380 

2,640 

1,340 

400 

65 

95 

95 

95 


Mini- 
inpni. 


116 
280 
380 
65 
13 
11 
65 
66 


Mean. 


600 

205 

648 

553 

184 

28 

56 

82 

80 


Total  in  acre- 
feet. 


36,893 

12,198 

39,844 

32,906 

11,314 

1,722 

3,332 

5,042 

4,760 


Bnn-off. 


feet  per     ^^^ 
square 
mile. 


0.082 
.028 
.089 
.076 
.025 
.004 
.008 
.011 
.011 


m 
incbes. 


0.095 
.081 
.103 
.085 
.029 
.005 
.009 
.013 
.012 


NOTS.— Oage  heights  and  discharge  measurements  for  1001  are  giren  in  Water-Supply  "Pvpet 
No  66,  page  16;  rating  table  on  page  170  of  same  paper. 

YELLOWSTONE  RIVER. 

Estimated  monthly  discharge  of  Yellowatone  River  near  Livingston^  Mont. 

[Drainage  area,  8,580  square  miles.] 


Month. 


Discharge  in  seoond-f eet. 


Maxi- 
mum. 


1901. 


I 


January 

February ' 

March 1,380 

April 2,050 

May !  26,525 

June 13,250 

July 8,075 

August 4,400 

September i    2,560 


October  ._. 
November. 
December. 


The  year 


2,050 


Mini- 
mum. 


1,000 
1,265 
2,665 
8,230 
3,590 
2,440 
2,050 
1,750 


Mean. 


« 1,100 

al,000 

1,264 

1,489 

1,218 

10,228 

5,534 

3,107 

2,248 

1,926 

« 1,593 

o  1,200 


2,659 


Total  in  acre- 
feet. 


67,636 

55,537 

77,720 

88,602 

74,892 

608,608 

340,278 

191,042 

133,765 

118,425 

94,790 

73,786 


1,925,075 


Second- 
feet  per 
square 
mile. 


Depth 
in 


0.31 
.28 
.35 
.42 
.84 
2.86 
1.55 
.87 
.68 
.54 
.45 
.34 


.75 


0.86 
.29 
.40 
.47 

3.19 
1.79 
l.OO 
.70 
.6S 
.50 
.39 


10. 10 


a  Approximate. 

NoTK.— Qage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supp^ly  P^kper 
No.  66,  page  88;  rating  table  on  page  170  of  same  paper. 


UPPER  lasBonm  mvee  deainaqe. 


Flo.  80.— Dtachuge  of  Yellowiiloae  River  our  UvlngHlon,  Host-,  IBUL 

Eitimatei  monthtj/  diaeharge  of  Bighorn  River  near  Thermopolia,  Wyo. 

[DnllMge>na,  B.I81  aqnue  mllea.] 


Dlacharge  in  snoud-reet 

T°Wto«^ 

Bl>IM>ff. 

HcHlth. 

Mail- 

miun. 

Heu. 

SoctMid- 

~1" 

Depth 

1901. 
■Way 

17,610 
14,750 
6,830 
4,410 
8,680 

2,080 
G,840 
4,300 
1,990 
1,550 

10, 118 
8,789 
S,886 
2.910 
2,107 

622,183 
530,007 
361,916 

179, 39B 
135,376 

1.24 
1.07 
.72 
.86 
.36 

1.48 

1.19 

.42 

No.  at,  iMge  KS;  ndnv  taUs  on 

barge  me. 

PRBBITOO 

Buuepap 

rorlBOl 

™  giTen  In  W 

ater^mip 

r  Paper 

124 


STREAM   MEASUBEMBNTS   IN    1901. 


[90.^ 


BIG  SIOUX  RIVER. 

Estimated  monthly  discharge  of  Big  Sioux  Rit^er  near  Sioux  Falls,  S.  Dak. 

[Drainage  area,  4,460  square  miles.] 


Diflchai^^  in  aeoond-feet. 


Month. 


1900. 
Angnst  1(M)1 . . . 

September 

October 

November  1-17 . 


Maxi- 
mnm. 


44 
64 


1901. 

April  1-20 

May5-«1. 

Jmie  _ 

July 

August  1-2, 11-31 

September 

October 

November 


250 
146 


17 
21 
31 


Mini- 
mom. 


14 
14 


89 
9 


3 

17 
17 


Mean. 


Total  in  arre- 


Ron-olf. 


Second- 
feet  per 
aqoare 
mBe. 


Deptb 

in 
inrhdfL 


24 
26 
45 
50 

14 
97 
168 
44 
9 
14 
18 
27 


1,047 
1,547 
2,767 
1,685 

555 
5,193 
9.996 
2, 705 
411 
833 
1,107 
1,607 


o.oa5 

.006 
.010 
.010 

.003 
.022 
.038 
.010 
.002 
.003 
.004 
.006 


I 


.004 
.007 
.012 
.004 

.002 

.m 

.044 
.012 
,002 
.003 
.OOn 
.007 


NoTK.— G«ge  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  08,  page  S4;  rating  table  on  page  170  of  same  paper. 

PliATTB  KIVEK  DRAINAGE. 

Platte  River  rises  on  the  eastern  slope  of  the  Rocky  Mountains  in 
Wyoming,  Colorado,  and  Nebraska.  Its  headwaters  are  extensively 
utilized  for  irrigation,  the  most  important  drainage  basin  in  Ck>lorado 
being  that  of  South  Platte  River  which  traverses  a  region  unequaled 
in  the  United  States  for  the  extent  to  which  intensive  farming  has 
been  developed  there  by  irrigation.  As  in  previous  years  the  greater 
number  of  river  stations  maintained  in  the  Platte  Basin  are  located 
on  South  Platte  River  and  tributaries  in  Colorado.  New  stations 
were  established  during  the  year  1901  at  Medicine  Bow,  Wyo.,  on 
Medicine  Bow  River,  a  tributary  of  the  North  Platte;  at  Mitchell, 
Nebr.,  on  North  Platte  River,  and  at  Kersey,  Colo.,  on  South  Platte 
River.  The  station  at  Mitchell  replaces  the  one  previously  main- 
tained at  Gering,  Nebr.,  it  being  situated  nearer  the  Wyoming- 
Nebraska  State  line  and  therefore  of  greater  value  in  determining  the 
flow  at  that  point.  Observations  were  discontinued  at  Orchard,  Colo., 
on  South  Platte  River,  and  the  station  moved  to  Keraey,  where  it  is 
believed  better  results  can  be  obtained.     A  detailed  report  on  the 
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Platte  River  drainage  in  Colorado,  together  with  a  r^um^  of  all  the 
available  records  of  flow,  is  contained  in  Water-Supply  Paper  No.  74, 
on  the  Water  Resources  of  the  State  of  Colorado,  by  A.  L.  Fellows. 


NORTH  PLATTE  RIVER. 

Estimated  monthly  discharge  of  Medicine  Bow  River  at  Medicine  Bow,  Wyo. 

[Drainage  area,  900  square  mlleB.] 


Month. 


Discharge  in  aeoond-f eet. 


Hazi- 
mum. 


1901. 

May -.- 1,920 

June  '  1,650 

July - 272 

August - 45 

September 17 


Mini- 
miun. 


350 

45 

6 

8 


Mean. 


0940 

977 

96 

17 

16 


Total  in  acre- 
feet. 


57,798 

58,186 

5,903 

1,045 

952 


Run-off. 


Second- 
feet  iier 
square 
mile. 


1.04 

1.09 

.11 

.02 

.02 


Depth 

in 
inches. 


1.20 

1.22 

.12 

.02 

.02 


oApproziniate. 

NoTS.— Oage  heights  and  discharge  measxirenients  for  1901  are  given  in  Water-Snpply  Pajier 
No.  06,  page  S6;  rating  table  on  page  170  of  same  paper. 

Estimated  monthly  discharge  of  North  Platte  River  near  Guernsey,  Wyo, 

[Drainage  area,  16,248  sqnare  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi- 
mum. 


1901. 

April 10,435 

May - - 13,317 

June   .-- '  13,880 

July. I    5,532 

August  -   -   1,070 

September  _. 420 


Mini- 
mum. 


682 
5,930 
5,400 
1,070 

420 
80 


Mean. 


2,066 
8,589 
9,154 
1,899 
706 
316 


Run-off. 


Total  in  acre- 
feet. 


122, 936 
528,117 
544, 701 
116,765 
43,410 
18,803 


Second- 
feet  per 
square 
mile. 


0.13 
.53 
.56 
.12 
.04 
.02 


Depth 

in 
inches. 


0.15 
.61 
.62 
.14 
.05 
.02 


Note.— Oage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
Ko.  66,  page  27;  rating  table  on  page  170  of  same  iiaper. 
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Fig.  10.— Discbarge  ot  Korth  PUtte  Blver  neftrOnamaar.  Wfo.,  UOl. 
Etlimated  monthly  discharge  of  North  PUttte  River  at  MiM*«U,  Nebr, 


[Dndnage  kim,  £1,400  aqoue  >mllea.] 

Total  Id 

■or*-(«et. 

Bon-oS. 

Honth. 

MmI- 

1 

mom. 

Houi. 

■SST 

s 

1901. 
June  0-80 

7,014 

a,  858 

8S8 

823 

884 

837,684 
96, 4M 
16,815 
19,160 
38,611 

0.808 
.096 
.016 
.018 
.016 

September 

October 

'        423 

520 

aio 

335- 

.015 
.018 

ir  IBOl  mrx  ginn  Id  Watar-Snpiil;  Paper 
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SOUTH  PLATTE  RIVER. 

Estimated  monthly  discharge  of  South  Platte  River  at  Denver,  Colo, 

[DraJnage  area,  8,840  square  miles.] 


Month. 


1901. 


January.. 
February 
March  . . . 

April 

May 


Discharge  in  aeoond-feet. 


Maxi- 
mtun. 


242 

242 

306 

1,121 

1,026 

Jnne '    1,386 

July 

An^pist 

September 

October .-. 

November 

December 


The  year 


575 
611 
422 
218 
186 
841 


1,886 


Mini- 
mmn. 


186 

186 

218 

242 

118 

113 

25 

242 

51 

25 

12 

118 


12 


Mean. 


212 
217 
241 
516 
558 
715 
250 
866 
216 
94 
78 
284 


807 


Total  in  acre- 
feet. 


Run-off. 


Second- 
feet  per 
square 
mile. 


18,035 
12, 052 
14, 818 
30,704 
84,003 
42,545 
15, 810 
22,448 
12,858 
5,657 
4,284 
14,888 


222,092 


0.06 
.06 
.07 
.18 
.14 
.19 
.07 
.10 
.06 
.02 
.02 
.06 


.08 


Depth 

in 
inches. 


0.07 
.06 
.08 
.15 
.16 
.21 
.08 
.12 
.07 
.02 
.02 
.07 


1.11 


N'oTX.-rOage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  06,  page  80;  rating  table  on  page  171  of  same  paper. 

Estimated  monthly  discharge  of  Bear  Creek  near  Morrison,  Colo, 

[Drainage  area,  170  square  miles.] 


Month. 


1901. 

April 

May- 

June 

Jvdy 

AxLgnst 

September 

October 

November 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean,    i 

132 

11 

54 

168 

98 

116 

187 

93 

114 

96 

24 

52 

190 

18 

40 

51 

13 

22 

29 

13 

20 

21 

9 

15 

Total  in  acre- 
feet. 


Run-off. 


Second- 
feet  per 
square 
mile. 


3,218 
7,132 
6,784 
3,197 
2,459 
1,309 
1,230 
893 


Depth 

in 
inches. 


0.82 
.68 
.67 
.31 
.24 
.13 
.12 
.09 


0.36 
.78 
.75 
.36 
.28 
.15 
.14 
.10 


JN'OTE.— Gtege  heights  and  discharge  measurements  for  1901  are  given  in  "Water-Supply  Paper 
^o.  06,  page  31;  rating  table  on  page  171  of  same  paper. 
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[K0.75. 


Estimated  monthly  discharge  of  Clear  Creek  at  Forkscreek,  Colo, 

[Draixuige  area,  8i6  square  xnileB.] 

RnnKiff. 


Month. 


1901. 


May&-81.. 

June 

July 

Aogiifit  ... 
September 
October . . . 
November. 


1 

Diacharge  in  seoond-f eet. 

1 

1 

Maxi- 

Mini- 
mum. 

Mean. 

0558 
652 

775 

544 

692 

235 

438 

367 

155 

227 

179 

66 

114 

93 

58 

73 

58 

20 

37 

Total  in  acre- 
feet. 


o  Approximate. 

KoTB.— Qage  heights  and  discharge  measurements  for  IflQl  are  given  in  Water^Upply  Paper 
No.  60,  page  81;  rating  table  on  page  171  of  same  paper. 

Estimated  monthly  discharge  of  South  Boulder  Creek  near  Marshall^  Colo. 

[Drainage  area,  126  sqnare  miles.] 


Month. 


1901. 


April 

May 

June 

July 

Angnst  ... 
September 


1 
Discharge  in  seoond-f  eet. 

1 

Maxi- 
mum. 

Minl- 

1 
Mean. 

119 

7 

47 

263 

64 

128 

278 

193 

229 

220 

57 

118 

78 

34 

48 

34 

13 

20 

Total  in  acre- 
feet 


2,797 
7,983 
13,627 
7,256 
2,951 
1,190  ' 


Bnn-off. 


Seoond- 1  rwni-i, 
feet  per    I^ 

mile.    i™«*™- 


I 


0.88 

1.02 

1.83 

.94 

.38 

.16 


0.42 

1.18 

2.04 

1.08 

.44 

.IS 


Note.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  I^per 
No.  66,  page  88,  rating  table  on  imge  171  of  same  pai>er. 
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Estimated  tfumthly  discharge  of  BotUder  Creek  near  Boulder,  Colo, 

[Draioage  Area,  179  aqnare  milea.] 


Month. 


1901. 

April 

May 

June 

July 

Angast 

September 

October 

NoYember 

December 


Discharge  In  aecond-f eet. 

Marl- 

Mini- 

Mean. 

Total  in  acre- 
feet. 

964 

6 

76 

4,468 

705 

164 

388 

28,857 

789 

390 

513 

30,526 

516 

191 

319 

19, 615 

225 

44 

114 

7,010 

70 

16 

35 

2,083 

\          82 

1 

11 

15 

922 

11 

6 

8 

476 

6 

4 

5 

307 

Bnn<oif. 


Second- 
feet  per 
sqnare 
mile. 


0.43 

2.17 

2.87 

1.78 

.64 

.20 

.08 

.04 

.03 


Depth 

in 
inches. 


0.47 

2.60 

3.20 

2.05 

.74 

.22 

.09 

.04 

.08 


NoTB.— Gage  heights  and  discharge  measnrements  for  IflQl  are  given  in  Water-Supply  Paper 
No.  68,  page  38;  rating  table  on  page  171  of  same  paper. 

Estimated  monthly  discharge  of  St.  Vrain  Creek  near  Lyons,  Colo, 

[Drainage  area,  809  aqnare  miles.] 


Discharge  in  second-feet. 


Month. 


1901. 

April 

May ..._ 

June 

July  -- 

Angnst 

September 

October 

November 


Maxi- 
mum. 


253 
667 
730 
478 
269 
126 
38 
25 


Mini- 
mum. 


4 

148 

304 

196 

87 

25 

19 

4 


Mean. 


102 

337 

490 

301 

157 

59 

30 

14 


Total  in  acre- 
feet. 


6,069 

20,844 

29, 157 

18,569 

9,653 

3,511 

1,845 

888 


Bun-ofP. 


Second- 
feet  per 
square 
mile. 


0.49 

1.61 

2.84 

1.44 

.75 

.28 

.14 

.07 


Depth 

in 
inohee. 


0.66 

1.86 

2.61 

1.66 

.86 

.81 

.16 

.08 


NoTB.— Gage  heights  and  discharge  measurements  for  1901  are  giyen  in  Water-Suiyply  Paper 
No.  08,  page  85;  rating  table  on  page  171  of  same  paper. 
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Estimated  monthly  duieharge  of  Big  Thomp9on  Creek  near  Arkina,  Ooio, 

[Dndnage  area,  806  square  mOee.] 


Monfh. 


1901. 


May 

June 

July 

Angnst 

September 


Dtocharge  in  aeoond-f eet. 


Mazl- 
xnnm. 


977 
1,148 
975 
606 
110 


Bfini- 
muxn. 


ao6 
aao 

225 

140 

44 


Mean. 


600 
859 
580 
261 
72 


Total  in  acre- 
feet. 


Second- 

feet  per 

eqnare 


86.893 
51, 114 
32,650 
16,048 
4,284 


1.97 

2.82 

1.74 

.86 

.24 


in 


3.27 
3.15 
2.01 


.27 


NoTK.-~Oage  heights  and  discharge  measarements  for  1901  are  gi^en  in  Water-8applx  Paper 
No.  06,  page  36;  rating  table  on  page  171  of  same  paper. 

Estimated  monthly  discharge  of  Cache  la  Poudre  River  near  Fort  CoUins^  Colo, 

[Drainage  area,  1,000  square  miles.] 


Month. 


1901. 
May 

June 

July  1-23 

August 

September 

October  1-15.... 


Discharge  in  seoond-ftot. 


Maxi- 
mum. 


5,100 
2,449 


510 
294 


Mini- 
mum. 


619 
1,425 


242 

98 


Mean. 


1,757 
1,956 
885 
387 
152 
119 


Total  in  acre- 
feet 


108,084 

116,390 

42,129 

20,721 

9,045 

3,540 


Second- 
feet  per 
square 
mile. 


1.66 
1.85 
.88 
.82 
.14 
.11 


in 


1.91 
2.06 
.74 
-87 
.16 
.06 


Non.— Daily  discharge  for  1001  is  given  in  Water-Supply  Paper  No.  66,  page  87. 

Estimated  monthly  discharge  of  South  Platte  River  at  Kersey,  Colo, 

[Drainage  area,  0,470  square  miles.] 


Month. 


May  .  - . 

June 

July 

August  ... 
September. 
October  . . . 
November. 
December . 


1901. 


Discharge  in  second-feet. 

Maxi- 

Mini- 
mum. 

Mean. 

5,a'56 

62 

1,898 

5,004 

460 

1,820 

460 

290 

814 

380 

290 

296 

706 

290 

895 

616 

870 

456 

591 

460 

526 

1,955 

640 

908 

Totai  aU  acre- 
feet. 


85,658 
108,297 
19,307 
18,200 
28,504 
28,089 
81,299 
65,624 


Ban-off. 


Second-  i  t^^^.  .- 
feet  per    ^"* 
square         '" 
mile. 


0.17 
.21 
.03 
.03 
.04 
.06 
.07 
.12 


NoTB.— Oage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
l^o.  tie,  page  38;  rating  table  on  page  171  of  same  paper. 
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PRECIPITATION  IN  THE   UPPER  BASIN  OF  SOUTH  PLATTE  RIVER. 

The  principal  observations  of  rainfall  made  within  the  upper  basin 
of  South  Platte  River  are  at  the  stations  enumerated  in  the  following 
table,  which  also  gives  their  geographic  location,  elevation  above  sea 


lcqcnd: 
•  Rimr  alattona 
o  Bainfati$taHona 


.RoHell 

OHmmn 

yrOMINCr    \     BOUND>Rl 


OOTQTVr 


Home  O 


OByen 


O 
DeerTraQ 


AcRtoO 


OlkUoBock. 

O  Poytoii 

30  mllos 


Fio.  41.— Location  of  rainfall  and  river  stations  In  the  upper  bacdn  of  South  Platte  River. 

level,  and  length  of  record  of  observations.  The  relative  locations  of 
the  points  are  shown  in  fig.  41  in  connection  with  the  points  of  river 
measurement,  which  are  located  at  Denver,  Morrison,  Forkscreek, 
Marshall,  Boulder,  Lyons,  Arkins,  Fort  Collins,  Orchainl,  and  Kersey. 
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[vo.lS. 


86C.  ft 

8.000 
7.000 

6,000 

6.000 

4.000 
8.000 

2.000 

1,000 
0 


JAN. 
10  20 

■FmT 

10  20 

MAR. 
10  20 

D20 

MAY 

10  20 

JUNE 
10  20 

JULY 
10  20 

AUOt 
10  20 

10  20* 

-«CT. 
10  20 

NOV. 
I&20 

10  20  1 

. 

■ 

1 

1 

V 

k 

il 

1 

N 

0 

/^ 

ZC 

n 

?l 

} 

Bl 

1 

I 

■ 

I 

■ 

1 

i 

i 

1 

1 

1 

1 

1 

1 

1 

1 

Fio.  42.— Discharge  of  Soatli  Flstte  River  at  Eeraey,  Colo.,  IML 
Location  of  rainfall  stations  in  South  Platte  River  Basin, 


Stations. 

County. 

State. 

Latitude. 

Longitude. 

Elevation. 

record. 

Boxelder 

Larimer 

Colorado 

o      / 

0        / 

Feet. 

Yean, 

lO-B 

Breckenridge 

Castlerock 

ftnmmif 

Douglas 

LaramfA  . 

do 

do 

89  31 

106    0 

9.S24 

11-13 
9-li 

CThflyffflin^*    . . . 

Wvominor 41    8 

104  48 
106    0 
106    2 
104  42 
106   6 

32 

Denver 

Dnmont 

Arapahoe Colorado 

Clear  Creek ! do 

Larimer do 

Weld ' do  

89  45 
40  85 
40  26 
40  88 

5,281 
5.000 
4.780 

38 
10-U 

FortOolliTifi 

Greeley 

19S 
lO-IS 

Laporte  ._« 

Larimer 

do 

..  ..do  - 

11-18 

Longs  Peak 

.    do__  _     _ 

6-7 

Moraine 

do _ -  -do  _- 

11-18 

SngarLoaf 

Bonlder 

do 

10~U 

The  following  table  gives  the  figures  of  normal  or  average  monthly 
precipitation  from  the  beginning  of  the  record  and  including  1901, 
together  with  the  total  precipit'ation,  by  months,  for  the  years  1896, 
1897,  1898,  1899,  1900,  and  1901,  and  also  the  annual  totals.  In 
obtaining  the  normal  precipitation  the  average  is  taken  for  all  of  the 
months  during  which  observations  were  made. 
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Precipitation  at  stations  in  drainage  hoMn  of  South  Platte  River. 

BOXELDEB,  COIX). 


Year. 


Normal 

18B6 

1807 

1898 

1880 

1900 

1901 


Jan. 

Feb. 

Mar. 

0.70 

0.71 

1.86 

.58 

.06 

&24 

.18 

.65 

2.75 

.70 

.22 

.58 

1-27 

1.78 

1.42 

.18 

,86 

.62 

.19 

.68 

1.62 

Apr. 


1.96 
1.10 
2.22 
1.82 
1.06 
6.70 
2.96 


May. 


June. 


a  41 
2.53 
3.49 
5.62 
.52 
4.00 
4.18 


1.64 
2.16 
1.59 
1.66 
1.79 
.54 
1.89 


July. 

Aug. 
2.06 

2.20 

1.96 

8.05 

408 

4.81 

1.86 

1.71 

2.28 

1.46 

2.72 

.55 

.67 

1.66 

Sept. 


0.96 
2.86 

.68 
1.86 

.13 
1.65 

.49 


Oct. 


0.74 
.02 
.84 
.47 

2.51 
.00 
.46 


Nov. 


Dec. 


0.48    0.66 


.27 
.88 
1.17 
.06 
.00 
.13 


.06 
.86 
.17 
.17 
.21 
2.47 


BBECKENRIDGE,  OOLO. 


An- 
nual. 


16.69 

17.88 

21.42 

16.84 

14.42 

17.96  f 

17.25 


Normal 

1896 

1897 

1888 

1899 

1900 

1901 


2.06 

3.51 

8.66 

1.88 

1.80 

4.83 

2.90 

1.90 

3.63 

.29 

.50 

1.18 

4.75 

5.08 

7.94 

.35 

2.48 

1.06 

2.86 

3.02 

2.40 

8.28 
.60 
4.00 
1.53 
1.81 
4.82 
8.12 


2.37 

1.05 

2.84 

2.16 

0.88 

1.43 

2.41 

2.75 

1.47 

.80 

3.10 

2.29 

2.25 

1 

.88 

a87 

.73 

1.54 

1.58 

1.70 

2.27 

1.16 

1.02 

.60 

2.25 

.46 

1.14 

2.19 

1.60 

.38 

1.53 

4.09 

1.84 

.31 

1.52 

2.29 

1.60 

.29 

2.54 

.58 

1.20 

1.68 

1.12 

.83 

.74 

.30 

.60 

.44 

.TO 

2.87 

1.58 

.80 

4.94 

.08 

.78 

.90 

2.86 

27.89 
24.06 
24.49 
16.20 
20.41 
14.62 
25.80 


GASTLEBOCK,  COLO. 


Normal 

0.64 

asi 

1.06 

1 
2.44  ,  2.41 

1896 

.65 

.96 

1.80  1  2.30 

1.61 

1807 

.47 

1.20 

2.50 

1.37 

(2.41) 

1898 

(.54) 

(.81) 

.40 

1.76 

6.48 

1899 

.68 

.67 

.n 

1.50      .63 

1900 

.10 

.63 

.62 

7.90 

55 

1901 

.26 

.80 

1.04 

a47 

1.82 

1.82 
.70 
a  12 
1.82 
1.10 
1.80 
1.35 


2.91 

2.47 

0.78 

1.19 

0.50 

0.76 

17.60 

a  67 

a  57 

2.80 

1.62 

.32 

.46 

20.44 

a6o 

a  10 

.24 

2.82 

(.60) 

1.23 

27.56 

4.20 

1.49 

1.36 

1.17 

1.00 

.99 

22.01 

4.48 

2.89 

T. 

1.80 

.17 

1.16 

14.70 

1.77 

.24 

.06 

.40 

.88 

.80 

14.70 

1.72 

a45 

.50 

.28 

T. 

.60 

14.77 

CHEYENNE,  WYO. 


Normal 

0.39 
.68 
.27 
.48 

1.23 
.16 
.13 

0.60 

.81 

.57 

.06 

1.63 

1.25 

1.10 

0.87 
2.06 
2.32 

.37 
1.89 

.72 
1.54 

1.64 

2.08 

.60 

.68 

.97 

7.66 

2.97 

2.24 
2.85 
a  07 
a72 
1.70 
.76 
a  47 

1.62 
1.41 
1.60 
2.33 
.74 
1.01 
1.96 

1.96 
6.36 
a  77 
1.83 
a  38 
1.20 
1.34 

1.46 

2.52 

1.66 

.90 

1.16 

.70 

.83 

0.94 

ao6 

.41 
.47 
.07 
2.19 
.75 

0.68 
.28 

1.03 
.25 

1.27 
.08 
.31 

0.35 
.14 
.68 

1.58 
.07 
.07 
T. 

0.35 
.08 

1.27 
.86 
.18 
.33 

1.62 

12.90 

1896 

1807 

1898 

20.79 
17.25 

iao6 

1800 

14.18 

1900 

1901 

laoo 

14.90 

DENVEB,  COLO. 


Normal 

0.65 

0.64 

0.03 

2.10 

2.66 

1.H8 

1.56 

1.83 

0.83 

0.87 

0.68 

0.66 

laso 

1806 

.26 

.24 

1.43 

.96 

1.27 

.80 

2.80 

.97 

1.81 

.84 

.10 

.31 

11.84 

1807 

.68 

.82 

.90 

1  81 

ai6 

2.16 

2.06 

1.44 

.44 

1.64 

.24 

.63 

16.87 

1898 

.20 

.68 

.28 

1.20 

4.88 

.94 

.67 

.96 

.28 

1.05 

.85 

.99 

12.98 

1800...: 

.66 

.58 

1.10 

.75 

.15 

.47 

1.92 

1.78 

.20 

1.01 

T. 

.72 

9.88 

1900 

.18 

55 

.68 

824 

.53 

1.87 

1.30 

.06 

.87 

.83 

.37 

.42 

16.29 

1901 

.06 

.06 

.88 

1.96 

1.18 

2.09 

.01 

1.30 

.22 

.46 

T. 

.89 

9.10 
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Precipitation  at  stations  in  drainage  basin  of  South  Platte  River — Contmned. 

DUMONT,  COLO. 


Yf»p. 


NormRl 

1886 

1897^.... 

1806 

1809 

1900 

1901 


Jan. 


0.82 
.25 
.46 
.10 
.60 
.09 
.45 


Feb. 

0.97 
.45 
.56 
.90 
1.34 
1.21 
.79 


Mar. 

Apr. 

1.89 

2.46 

2.48. 

1.22 

2.00 

1.48 

.65 

2.46 

2.40 

1.46 

.76 

9.23 

1.22 

2.79 

May. 'June. 


3.04 
1.16 
3.75 

aso 

.68 
1.02 

2.78 


1.60 
.58 
1.71 
2.60 
.76 
2.83 
1.15 


July. 

Aug. 

Sept. 

Oct. 

Nov. 
0.73 

2.58 

2.19 

l.U 

1.89 

2.18 

2.81 

2.04 

.78 

.60 

2.55 

2.50 

1.42 

ass 

.80 

1.67 

2.60 

.48 

.40 

1.89 

3.60 

2.00 

.60 

8.66 

.42 

1.87 

.76 

1.85 

.88 

.19 

(2.58) 

(2.19) 

(1.W) 

(1.39) 

(.78) 

Dec. 


0.78 
.60 

.85 

I 

.88  j 

.86 

.58 

.78) 


An- 
nnaL 

18.» 
U.« 
90. 8S 
17.78 
18.19 
19.64 
17.97 


PORT  COLLINS,  COLO. 


Normal . . 

1 
0.61     0.68 

.43    •.03 

0.96 
1.73 

2.21 

8.90 

1.61 

1.88 

1.21 
2.80 

0.96 
1.56 

0.94 
.49 

0.88 
.06 

0.86 
.84 

14.68 

1896 

1.26     1.68 

3.06 

3.06 

15.76 

1807 

.18       .54 

2.15     1.89     2.06 

1.60     2.65 

1.74 

.75 

.75 

.67 

.67 

15.84 

1808 

.14       .08 

.50     1.08     8.66     1.37  1    .50 

.96 

.60 

.88 

1.84 

.17 

11.  US 

1899 

.66  ,  1.04 

1.50 

1.10 

1.01 

1.08     4.05 

.00 

.81 

3.83 

T. 

.47 

16.19 

1900 

.25     1.12 

i.or 

10.66    1.75 

.82 

1.14 

.16 

1.98 

.84 

.07 

.11 

19.il 

1901 

.19       .88 

1.88 

3.62     7.47 

2.86      .71 

.67 

8.85 

.86 

.08 

1.37 

21  17 

OBEBLEY,  COLO. 


Normal 

1806 

1887 

1808 

1800 

1000 

1001 


0.27 

0.46 

0.67 

1.94 

2.22     1.42 

1.79 

0.96 

0.66 

0.79 

0.56 

0.80 

.67 

.18 

.98 

1.18 

1.42 

.46 

4.82 

2.15 

.99 

.63 

.OS 

.07 

.06 

.61 

2.02 

.81 

8.20 

2.47 

2.98 

1.75 

.29 

l.U 

.40 

.38 

.20 

,33 

.28 

(1.94) 

583 

1.69 

3.60 

.83 

.13 

.78 

.60 

.87 

1.14 

.69 

.n 

.70 

L16 

.47 

2.34 

1.04 

.80 

1.86 

T. 

.40 

.16 

,68 

.62 

6.88 

.96 

.81 

1.88 

T. 

1.07 

.11 

.04 

.16 

.22 

.46 

.95 

2.12 

2.88 

2.46 

.86 

.47 

1.06 

.75 

.06 

1.06 

LAPORTB,  COLO. 


Normal 

1896 

1807 

1898 

1800..... 

1900 

1901 

Normal 

1896 

1897 

1808 

1899 

1900 

1901 


-- 

0.56 
.60 
.20 
.46 
.80 
.84 
.05 

0.72 
.80 
.50 
.10 
1.08 
1.47 
.27 

1.26 
2.70 
2.15 

.46 
1.81 

.79 
1.42 

2.11 

1.00 

1.68 

.24 

.80 
10.02 

4.28 

2.94 
2.25 

3.36 

5.00 

.88 

1  84 

4  H2 

LONGS  PEAK,  COLO. 


0.45 

0,86 

1.74 

2. 28 

.86 

.56 

3.17 

1.00 

.78 

1.25 

1.96 

1.45 

.24 

.88 

.75 

1.78 

.54 

1.15 

3.01 

1.18 

.16 

.85 

.35 

6.34 

.69 

.47 

1.19 

1.97 

1.27 
1.21 
1.60 
2.07 
.38 
.60 
1.73 


1.47 
.66 
1.60 
2.06 
1.09 
.80 
1.47 


2.67 
3.60 
1.85 
2.94 
4.32 
.51 
.86 


ii.se 
las 

16.00 
16.43 

laTo 

11.61 
12.88 


1.65 

1.61 

1.28 

1.00 

0.71 

0.41 

a57 

14.  n 

2.50 

2.47 

1.40 

1.87 

.50 

.01 

.40 

15l49 

1.80 

2.51 

1.14 

2.06 

.60 

1.10 

.70 

17.  W 

1.27 

.67 

1.72 

.56 

.88 

1.90 

.40 

ia63 

.71 

2.62 

.96 

.18 

8.08 

00 

.40 

laat 

.60 

L75 

1.80 

1.68 

.85 

.05 

.83 

90.06 

2.41 

.67 

.87 

.97 

.06 

.01 

1.51 

16.73 

1.63 

1.06 

1.46 

0.61 

a54 

16.03 

2.96 

1.96 

1.05 

.37 

.16 

16L91 

1.29 

.96 

1.41 

1.07 

.55 

IS.  as 

1.68 

.81 

.60 

L60 

.00 

1&7S 

1.73 

.11 

2  50 

.08 

.64 

1«.<7 

.17 

1.98 

1.14 

.44 

.64 

lae 

2.22 

1.69 

.95 

.18 

LOO 

i4.a 
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Precipitation  at  Nations  in  drainage  basin  of  South  Platte  River — Continaed. 

MOBAIKE,  OOLO. 


Normal 

1896 

1897 

1898 

1809 

1900 

1901 

Normal 

1896 

18B7 

1896 

1809 

1900 

1901 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

0.70 

1.42 

1.69 

2  21 

2.66 

1.21 

2.20 

.68 

.22 

2.87 

1.08 

1.62 

.49 

a88 

.61 

1.68 

186 

1.29 

2.80 

1.79 

2.62 

.60 

1.05 

1.82 

1.44 

8.05 

1.93 

2.19 

.77 

2.82 

2.98 

1.89 

.46 

1.67 

8.08 

.21 

1.11 

.80 

7.74 

1.80 

.91 

.36 

.61 

.72 

1.06 

2.86 

8.82 

1.62 

1.48 

Aug. 

Sept. 

Oct. 
1.06 

1.81     1.02 

2.60    2.74 

.75 

2.48 

.78 

1.16 

1.67      .40 

.99 

l.aS      .16 

1.96 

.23 

2.19 

1.42 

2.65 

.42 

.88 

Nov.  I  Dec. 


An- 
nual. 


r 


0.70 
.80 
1.25 
1.77 
.00 
.47 
.27 


0.72 
.30 

1.20 
.55 
.65 
.48 

1.16 


17.40 
17.28 
18.87 
16.86 
16.68 
16.72 
16.89 


SUGAB  LOAF,  OOLO. 


1.01 

1.82 

ai6 

2.62 

a85 

2.04 

1.10 

.40 

&60 

1.60 

1.16 

1.69 

.40 

2.10 

6.80 

2.81 

(8.86) 

a8o 

.90 

.90 

.80 

&86 

8.96 

a6i 

1.20 

1.22 

6.29 

1.59 

1.11 

.74 

(1.01) 

(1.88) 

(8.16) 

(2.82) 

(a  86) 

.95 

.84 

.88 

2.17 

5.60 

aoo 

2.20 

2.97 

2.75 

1.80 

1.52 

1.17 

1.07 

a  66 

4.46     1.92 

1.40 

.80 

.20 

a65     a91  '  1.95 

a85 

.80 

.70 

2.98    2.78 

1.80 

1.85 

2.17 

1.18 

2  88 

a98 

.00 

(1.62) 

(1.17) 

(1.07) 

1.97 

1.12 

2.97 

.00 

.20 

.97 

2.80 

4.90 

.60 

.66 

.12 

1.40 

24.78 
21.87 
84.12 
25.18 
22.82 
20.74 
25.12 


Depth  of  run-off,  in  inches,  from,  the  drainage  basin  of  Bear  Creek  near  Morrison, 

Colo.  / 


Year. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

0.87 
.20 

Nov. 

Dec. 

1897 

1.02 
.74 
.70 

a  30 

.78 

1.16 
.98 
.61 

2.49 
.75 

0.78 

1.01 

.59 

.78 

.86 

1.85 
.45 
.70 
.88 

.28 

0.44 
.80 
.20 

.16 

0.22 
.16 

0.14 

1888 

1899 

1900...' 

.20 
.14 

.11 
.10 

1801 

0.86 

Average 

.86 

1.81 

1.19 

.70 

.62 

.27 

.28 

.16 

.14 

I>epth  of  run-off,  in  inches^  from  the  drainage  basin  of  Big  Thompson  Creek  at 

Arkins,  Colo. 


Year. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1897 

1.68 
.62 
1.14 
6.22 
2.27 

1.68 
1.88 
a  86 
4.94 

ai6 

1.00 
.90 
2.47 
1.81 
2.01 

0.49 
.29 

1.07 
.62 
.99 

0.18 
.11 
.88 
.28 
.27 

0.07 
.04 
.24 

0.10 
.02 

0.16 

18U6 

1899 

0.62 
1.51 

1900 

1901 

Average 

1.02 

2.17 

2.90 

1.64 

.67 

.22 

.12 

.06 

.16 

Depth  of  run-off,  in  inches,  from   the  drainage  basin  of  Boulder  Creek  near 

Boulder,  Colo. 


Year. 

Apr. 

May. 

June. 

July. 

Aug. 

1.37 

.40 

1.71 

1.06 

.74 

Sept. 

Oct. 

Nov. 

0.23 
.24 
.14 

Dec. 

1897 

2.09 
1.60 
2.27 
.76 
2.60 

2.86 
2.79 
4.18 
6.99 
a  20 

2.18 
1.87 
a  71 
2.87 
2.05 

0.62 
.19 
.65 
.00 

0.30 
.06 
.25 
.87 
.09 

0.89 

liW8 

1809 

0.72 

1000 

XflOl 

.47 

.04 

.08 

Average 

.60 

1.82 

a99 

2.44 

1.06 

.42 

.21 

19 

.22 
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[ho.S. 


Depth  of      fi-off,  in  inches,  from  the  drainage  basin  of  South  Platte  River  a/ 

Kersey,  Colo. 


Tear. 

May. 

June. 
0.21 

jTily. 
0.08 

Aug. 
0.08 

Sept. 

Oct. 

Nov. 

Dec 

1901 

0.17 

0.04 

ao6 

0.07 

012 

Average 

.17 

.21 

.08 

.08 

.04 

.06 

.07       .12 

Depth  of  run-off,  in  inches,  from  the  drainage  basin  of  St.  Vrain  Creek  near  Lyom, 

Colo, 


Year. 

Apr. 

May. 

June. 

Jnly. 

Aug. 

1.61 
.68 

1.65 
.54 
.86 

Sept. 

Oct. 

Nov. 

Dec. 

1897 

2.82 
1.16 
1.43 
3.50 
1.86 

8.66 
2.80 
8.96 
8.82 
2.61 

2.63 
1.27 
3.60 
1.49 
1.66 

0.65 
.82 
.46 

.as 

.31 

0.24 
.08 
.22 
.26 
.16 

0.19 

.07 

1.U 

0  22 

1808 

1809 

1.15 

1900 

1901 

.66 

.08 

Averafire  .._ -.... .... .._- 

.86 

2.16 

3.15 

2.11 

1.08 

.4Z 

.10 

.36 

j& 

Depth  of  run-off,  in  incites,  from  the  drainiige  basin  of  South  Boulder  Creek  neor 

Marshall,  Colo, 


Tear. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

0.86 
.18 

Nov. 

Dec. 

1897 

2.82 
1.79 
2.56 

8.58 
2.54 
8.72 
3.18 
2.04 

2.17 
1.27 
2.24 
.85 
1.08 

1.19 
.80 
.84 
.27 
.44 

0.38 
.20 
.31 
.06 
.18 

0.31 
.16 

O-Ji 

1866 

1899 

1.02 

1900 

1901 

.42 

1.18 

•     1 

Average 

.72 

2.09 

8.01 

1.52 

.68 

.23 

.27 

.24 

* 

D^th  of  run-off,  in  inches,  from  the  drainage  basin  of  South  Platte  Miver  at 

Denver,  Colo. 


Tear. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

0.21 
.10 
.16 
.05 
.12 

Sept. 

0.06 
.06 
.06 
.08 
.07 

.06 

Oct. 

Nov. 

I>ec. 

Ab- 
xinaL 

1897 

0.08 
.04 
.02 
.06 
.07 

0.02 
.04 
.05 
.06 
.08 

0.06    0.14 

0.22 
.44 
.13 

1.26 
.16 

0.30 
.46 
.23 
.81 
.21 

0.12 
.21 
.20 
.12 
.08 

.15 

0.06 
.04 
.08 
.08 
.08 

0.12 
.06 
.69 
.06 
.02 

0.06           Ll$ 

1866 

1809 

.08 
.12 
.06 

.11 
.18 

.48 

.08           1> 
Oi           1  > 

1900 

08           '  UT 

1901 

.08      -15 

.07           1  v. 

.07 

Average... 

.04 

.04 

.20 

.44 

.40 

.18 

.04 

.16 

.05 

l:^ 

Depth  of  run-off,  in  inches,  from  tlie  drainage  basin  of  South  Platte  Hiver  at 

Orchard,  CoU>. 


Tear. 


1896.... 
1897.... 
1898.... 
1899.... 
1900.... 


Average 


Jan. 


0.072 
.060 
.100 
.280 
.150 

.182 


Feb. 


0.026 
.047 
.730 
.280 
.100 

.287 


Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

0.054 

.013 
.070 
.220 
.070 

0.048 
.090 
.120 
.380 

.145 

0.084 
.180 
.044 
.810 

0.240 
.080 
.110 
.420 

0.082 
.010 
.160 
.010 

.051 

0.075 
.(H> 
.071 
.010 

O.0U9 
.010 
.004 
.010 

0.029 
.020 
.040 
.050 

0.100 
.080 
.072 
.060 

.076 

.085 

.255 

.212 

.047 

.008 

.066 

mwiLij.] 
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BainfaU  and  runroff.  South  Platte  River  Basin, 


station. 


RAINFALL. 

Bozelder 

Breckenridge 

Castlerock 

Cheyenne 

Denver _  _ 

Dnmont 

FortOollinfl 

Greeley 

Laporte 

Longs  Peak 

Moraine 

Sngar  Loaf 

Average 

EITN-OFF.« 

South  Platte  at  Denver . 
South  Platte  at  Orchard 

Average 

Percentage  of  rainfall  . . 


Normal. 

1W6. 

1807. 

16.69 

17.88 

21.42 

27.89 

24.03 

24.49 

17.60 

20.44 

27.55 

12.90 

20.79 

17.25 

13.89 

11.84 

15.37 

18.58 

15.01 

20.82 

14.68 

15.76 

15.24 

11.92 

18.52 

16.09 

14.71 

15.49 

17.72 

16.03 

16.91 

15.66 

17.40 

17.28 

18.87 

24.78 

21.37 

84.12 

17.26 

17.52 

20.88 

1.790 

1.430 

1.528 

.851 

l.H(59 

1.141 

9.61 

5.60 

lBf». 


iflr.84 

16.29 
22.01 
13.05 
12.98 
17.76 
11.03 
16.43 
13.63 
15.76 
16.86 
25.13 


1800. 


16.44 


1.580 
1.590 


1.585 


9.64 


14.42 
29.41 
14.70 
14.18 
9.33 
18.19 
16.19 
10.79 
13.34 
16.67 
16.58 
22.32 


16.34 


1.780 
1.541 


1.660 


10.16 


1000. 


17.98 
14.62 
14.70 
16.09 
15.29 
1^.64 
19.21 
11.61 
20.06 
13.93 
16.72 
20.74 


16.70 


3.070 
2.130 


1001. 


17.25 
26.80 
14.77 
14.99 
9.10 
17.97 
21.17 
12.22 
16.73 
14.31 
15.89 
25.12 


17.11 


1.110 


2.600  I   1.110 


15.57 


6.49 


a  This  roproBcnts  only  the  excees  water  over  the  demandB  for  irrigation,  together  with  the 
return  or  seepage  waters. 

LOUP  RIVER. 

Estimated  monthly  discharge  of  Loup  River  near  Columbus^  Nebr. 

[Drainage  area,  18,542  square  miles.] 


Month. 


1901. 


April 

May 

Jnne 

July 

A-Ti^past 

September 
October. .- 
November. 


Discharge  in  second-feet. 

Maxi- 

Mini- 

Mean. 

4,681 

2,578 

3,254 

2,743 

1,847 

2,346 

5,902 

1,723 

3,467 

3,048 

(«) 

1,609 

1,825 

W 

1,377 

4,776 

1,768 

2,858 

2,647 

1,898 

2,243 

3,367 

1,743 

2,325 

Total  in  acre- 
feet. 


193, 626 
144,250 
206,300 
98,984 
84,668 
169, 765 
137, 916 
138,942 


Bnn-off. 


Second- 
feet  per 
square 
mile. 


0.24 
.17 
.26 
.12 
.10 
.21 
.17 
.17 


Depth 

in 
inches. 


0.27 
.20 
.29 
.14 
.12 
.23 
.20 
.19 


a  On  aoooimt  of  tJhifHng  of  the  bed  of  the  river  the  low-water  flow  is  somewhat  uncertain. 

I^cyrs.— Gage  heights  and  discharge  measurements  for  1001  are  given  in  Water-Supply  Paper 
No.  00,  page  88. 


STBEAM  KSASUBBXBNTS  IN  1901.  ( 

PLATTE  RIVER. 
Estimated  monthly  discharge  of  Ptatte  River  near  Columbag,  Nebr. 
[DnJiuge  dTfat,  JKUHT  •qoKre  mlha.] 


Tot^inacre- 
feet. 

Bnu-oll 

Month. 

^: 

HlBi- 

M«i>. 

Serood- 

tDclH 

IMl. 

April _ 

May - -. 

Jnne _. 

Jnly  1   U 

28,400 
»,200 
13.875 

1,800 
2.(»4 
5.500 

8,827 
5,300 
»,363 
l.Wt 

0 

0 

«72 

525.243 

325.884 

557,137 

47.389 

0 

0 

0 

40,641 

0.18 
.00 
.18 
.04 
.00 
.00 
.00 
.01 

0.19 
.10 

AMgOBt _. 

0 
0 
0 

m 

0 

0 

0 

375 

.00 
.00 

.01 

■B  given  in  Wkter^npfilr  Pi 


Seclt. 

■0 

AR. 

pri. 

■ 

» 

« 

■9 

» 

I0» 

-DE 

t 

1 

8,000 

i. 

i 

i 

1 

8 

A/ 

> 

/i 

£ 

0. 

?l 

1 

1 

1 

L 

k 

l\ 

/ 

Via.  <a.— EHaclurse  ot  Platte  Blver  nnr  O^tuntraB,  Nalir.,  UOL 
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ELKHORN  RIVER. 

Estimated  monthly  discharge  of  Elkhom  River  near  Norfolk,  Nebr, 

[Drainage  area,  8,474  square  miles.] 


Month. 


1901. 


April 

May 

Jtme-..   -. 

July 

Angnst  ... 
September 
October  .  _ . 
November. 


Discharge  in  seoond-feet. 

Total  in  acre- 
feet. 

Rmi 

Second- 
feet  per 
square 
mUe. 

i-ofF. 

Maxi- 
mum. 

Mini- 

Mean. 

Depth 

in 
inches. 

983 

431 

648 

38,559 

0.26 

0.29 

881 

306 

489 

30,067 

.20 

.23 

8,438 

2^0 

1,271 

75,630 

.51 

.57 

2,003 

215 

765 

47,038 

.31 

.35 

231 

149 

172 

10, 576 

.07 

.08 

362 

142 

269 

16,006 

.11 

.12 

842 

808 

323 

19,860 

.13 

.15 

357 

819 

832 

19, 755 

.13 

.15 

NoTK.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  66,  page  40;  rating  table  on  page  171  of  same  paper. 

Estivfuated  monthly  discharge  of  Elkhom  River  near  Arlington,  Nebr, 

[Drainage  area,  5,980  square  miles.] 


Month. 


1901. 


April 

May 

June  _ 

July 

August 

September. 
October .  _ . 
November . 


Discharge  in  second-feet. 


Maxi- 
mum. 


1,335 

2,133 

4,745 

3,989 

538 

706 

679 

726 


Mini- 
mum. 


833 
618 
541 
544 
817 
300 
544 
537 


Mean. 


1,065 

1,186 

1,869 

1,873 

421 

514 

599 

627 


Total  in  acre- 
feet. 


63,872 
69,850 
111,213 
84,422 
25, 886 
30, 585 
36, 831 
37, 309 


Bun-off. 


Second- 
feet  per 
square 
mile. 


0.18 
.19 
.31 
.23 
.07 
.09 
.10 
.10 


Depth 

in 
inches. 


0.20 
.22 
.35 
.27 
.08 
.10 
.12 
.11 


NoTS.— Gage  heights  and  discharge  measurements  for  1001  are  given  in  Water-Supply  Paper 
No.  00,  page  41. 


STREAM   HEASUBEIIENTa   IK   1001. 


Flo,  4t.— Dlacharge  of  Elkhom  BItst  near  ArllDBtoD,  Netir.,  UOL 

KANSAS  RIVEB  DRALNAOE. 

Ah  in  preTious  years  systematic  measurements  were  carried  on 
dnricg  1901  at  eeven  points  in  the  basin  of  Kansas  River,  tbe  main 
river  being  gaged  at  Lecompton,  Eans.,  and  its  principal  tribntarie/: 
being  gaged  at  or  near  their  months.  Kansas  River  is  the  largest 
river  which  rises  in  the  region  of  the  Great  Plains  and  presents 
together  with  its  numerous  tribntaries  a  typical  example  of  Great 
Plains  drainage. 

REPUBLICAN  RIVER. 

Eilimaied  monthly  discharge  of  Rqmblican  River  near  Superior,  Ar«6r. 

[DiminAge  ureft,  IB^T  square  mitoa.] 


Dlschat^  Id  aecond-teet. 


™:    Doptb 


April  ... 
May  -... 

Jnne 

July-.-. 
Angtut  . 


October 

NoTember  . 


32,881 
18,031 

3.61S 

4,804 
74,142 
37.389 
34.982 
re  gtveu  in  Watsr.SapplT  Pft 


0.(U-:|i 
.01^ 


KANSAS   BIVEB   DRAnTAQE. 


Estimated  monthly  discharge  of  BepiMioan  River  at  Junction, 
[Dninkge  «».  ffi.S87  ■qnkn  miles.] 

fan 

Bim-off. 

IConth. 

Hul- 

Mlnl- 

XeMi. 

■a 

ond- 

InohoB. 

1901. 
Jaa-aary 

570 
1,01S 
1.750 
5,010 
1,015 
910 
450 

no 
a,  160 

770 
510 
060 

40S 
450 
850 
080 
405 
816 
75 
20 

ao 

405 
405 
450 

510 
669 

i.oao 

1,580 
747 
406 
177 
58 

Boe 

564 
472 
6B4 

31.859      0 
87,154 
63,832 
91,041 
46,981 
24,160 
10,888 
8,369 
63,911 
84,«79 
28,086 
36,524 

030 
026 
040 
069 
029 
016 
007 
002 
086 
032 
018 
038 

0.038 

April 

The  year 

5,010 

30 

688 

460,818 

035 

«  glren  In  Water-Stipplr  Pftper 


-  Fid.  tt.— DlacbKrge  of  Bepabllcui  Blrer  dt  JonctloD,  Run.,  ttOL 
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STREAM   MEASUREMENTS   IN   1901. 


[NO.TSi. 


SOLOMON  RIVER. 

Estimated  monthly  discharge  of  Solomon  River  near  Niles,  Kans. 

[Drainage  area,  6,815  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi- 
mum. 


January  . 
February 
March . . . 


1901. 


April . 

May 

Jtme 

July 

August  --- 
September 
October  _ . . 
November. 
December . 


The  year 


114 

198 

341 

2,0^ 

803 

989 

54 

62 

1,604 

89 

176 

100 


Mini- 
mum. 


2,020 


46 

54 

100 

114 

89 

46 

7 

7 

70 
88 
38 
54 


Mean. 


91 

90 

152 

452 

142 

157 

27 

18 

243 

67 

99 

79 


135 


Total  in  acre- 
feet. 


5,595 
4,998 
9,346 

26,896 
8,731 
9,342 
1,660 
1,107 

l4,460 
4,120 
5,891 
4,858 


Run-off. 


Second- 
feet  per 
square 
mile. 


0.013 
.013 
.022 
.066 
.021 
.023 
.004 
.003 
.036 
.010 
.015 
.012 


Depth 
in 


97,004         .020 


0. 015 
.014 
.(^35 
.074 
.024 
.036 
.005 
.(M)3 
.040 
.012 
.017 
.014 


269 


NoTS.— Qage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  P&per 
No.  d6,  iiage  44;  rating  table  on  page  172  of  same  paper. 

SALINE  RIVER. 

Estimated  monthly  discharge  of  Saline  River  near  Salina,  Kans. 

[Drainage  area,  8,811  square  miles.] 


Month. 


January 
February  . 

March 

April 

May 

June 

July 

August 

September 
October  . . 
November . 
December  . 


1901. 


The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


71 

115 

122 

3,580 

315 

2,680 

51 

153 

85 

60 

65 

65 


Mini- 
mum. 


3.580 


47 
55 
51 
85 
60 
37 
22 
25 
40 
37 
40 
47 


9'> 


Mean. 


56 

74 

76 

470 

112 

376 

31 

47 

53 

47 

53 

57 


121 


Total  in  acre- 
feet. 


3,443 
4,110 
4,673 

27,967 
6,887 

22,374 
1,906 
2,890 
3,154 
2,890 
3,154 
3,505 


Ron-off. 


Seoond- 

feetiwr 

square 

mile. 


I 


0.017 
.022 
.033 
.142 
.034 
.114 
.009 
.014 
.016 
.014 
.016 
.017 


£>epth 

in 
inchqi 


86, 953         .  036 


0.020 
.023 
.027 

•  .158 
.039 
.127 
.010 
.016 
.018 
.016 
.018 
.03l» 


49S 


NoTB.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  06,  page  46;  rating  table  on  page  172  of  same  paper. 
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SMOKY  HILL  RIVER. 

Estimated  numthly  discharge  of  Smoky  Hill  River  at  Ellsworth,  Kans, 

[Drainage  area,  7,960  square  miles.] 


Month. 


January. 
February  . 

March 

April 

May 

June 

July 

August  ... 
September 
October . . . 
November. 
December. 


1901. 


The  year 


Discharge  in  second-feet. 


652 


Maxi- 

Mini- 
mnm. 

120 

18 

165 

20 

50 

20 

662 

23 

81 

23 

142 

23 

18 

5 

142 

5 

142 

12 

73 

14 

14 

8 

50 

12 

Mean. 


50 
72 
88 
124 
47 
48 
0 
46 
62 
86 
11 
22 


Total  in  acre- 
feet. 


Run-oir. 


^23E:"  inches. 


47 


8,074 
8,999 
2,029  I 
7,878  t 
2,890  I 
2,856 

558 
2,828 
8,689 
2,214 

655 
1,858 


0.006 
.009 
.004 
.016 
.006 
.006 
.001 
.006 
.008 
.005 
.001 
.008 


38,518  I      .006 


0.007 
.009 
.005 
.018 
'.007 
.007 
.001 
.007 
.009 
.006 
.001 
.008 

.080 


Note.— Oage  heights  and  discharge  measarements  for  IflOl  are  given  in  Water-Supply  Paper 
No.  66,  page  45;  rating  table  on  page  172  of  same  paper. 

<    BLUB  RIVER. 

Estimated  monthly  discharge  of  Blue  River  near  Manhattan,  Kans, 

[Drainage  area,  9,490  square  miles.] 


Month. 


January 
February  . 

March 

April 

May 

June 

July 

Aogn^st ._- 

September 
October . . . 
November. 
December. 


1901. 


The  year 


Discharge  in  second-feet. 


Mazi- 

mnm. 


815 
4,082 
8,013 
13,155 
2,325 
1,500 

770 
2,800 
1,010 

590 
1,825 

680 


18, 155 


Mini- 
mom. 


Mean. 


522 
635 
770 
1,010 
725 
460 
305 
880 
805 
880 
460 
880 


305 


682 

1,471 

1,129 

2,146 

1,152 

828 

473 

775 

511 

470 

590 

498 


Total  in  acre- 
feet. 


894 


41,985 
81,695 
69,420 
127, 696 
70, 884 
49,269 
29,084 
47,653 
30,407 
28,899 
35, 107 
80, 621 


Run-off. 


Second- 
feet  per 
square 
mile. 


0.07 
.16 
.12 
.28 
.12 
.09 
.05 
.08 
.05 
.05 
.06 
.05 


642, 630 


.09 


Depth 

in 
inches. 


0.08 
.17 
.14 
.26 
.14 
.10 
.06 
.09 
.06 
.06 
.07 
.06 


1.29 


NoTK.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  66,  page  46;  rating  table  on  page  172  of  same  i>aper. 


STREAM   MEASUREMBNTS   IN    1901.  [> 

KANSAS  RIVER. 

Ettimctted  monthly  ditetiarge  of  Katuae  River  at  Leeompton,  Kmu. 
[DnlDMB  area,  SSJUkiohv  iiiile&] 


DigobKr^B  in  ■Bcond-teet. 


I 


1901. 

Janturr 3, 875 

FeTiraary 

March- 11,110 

April \  80,000 


May 

Jnne 

Jtily 

AnguBt 

September  _ 

October 

November. . 
December.. 


7,006 
4,466 
2,826 
4,465 
6,710 
5,000 


Theyear 25,000 


1,810      1,778  106,966 

1,310      8,143  174,407 

4,465      6,858  890,631 

4,832      12,844  764,371 

3,626      4,767  308,111 

3,876      8,381  103,358 

376      1,123  60,061 

2,178  193,618 

350,655 
3,370  130,577 

73,714 
49,406 


for  vm  are  glvan  in  Wttei-Quiitily  P^xr 


TeS     mar.      APR. 


Fio.  M.— DlBcliaTge  ol  K 
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ABKA:N^SAS  BIVEB  1>BAINA6E. 

Arkansas  River  rises  in  the  central  portion  of  Colorado,  its  head- 
waters having  their  source  near  the  summit  of  the  Rockies.  The 
river  derives  the  greater  part  of  its  flow  from  the  mountainous 
regions  of  Colorado,  its  volume  diminishing  greatly  as  it  approaches 
the  level  of  the  plains  through  constant  diversion  for  irrigation  pur- 
poses. By  far  the  greater  number  of  gaging  stations  maintained  in 
the  Arkansas  River  Basin  are  located  in  the  irrigation  districts  of 
Colorado.  During  1901  a  station  was  established  near  Barton,  Oolo., 
a  few  miles  west  of  the  Kansas  line,  the  records  of  which  will  be  of 
value  in  determining  the  amount  of  water  passing  from  Colorado  into 
Kansas.  As  in  previous  years,  stations  were  maintained  in  Kansas 
on  the  Arkansas  proper  at  Hutchinson,  on  Verdigris  River  near 
Liberty,  and  on  Neosho  River  near  lola.  A  detailed  report  on  the 
Arkansas  River  drainage  in  Colorado,  together  with  a  r^sum^  of  all 
the  available  records  of  flow,  is  contained  in  Water-Supply  Paper  No. 
74,  on  the  Water  Resources  of  the  State  of  Colorado,  by  A.  L.  Fellows. 

ARKANSAS  RIVER. 

Estimated  monthly  discharge  of  Arkansas  River  near  Canyon,  Colo, 

[Drainage  area,  8,000  aquare  miles.] 


Month. 


1901. 

April 

May 

June 

July--- 

August 

September 

October 


Discharge  in  aeoond-feet. 

Mazi- 

Mini- 

Mean. 

G68 

217 

373 

8,7»9 

442 

1,681 

2,683 

1,690 

2,182 

1,912 

407 

795 

1,967 

407 

630 

715 

270 

352 

377 

270 

313 

Total  in  acre- 
feet. 


22, 195 
103,300 
129,938 
48,883 
38,787 
20,945 
19,246 


Btm-off. 


Seoond- 

feetper 

square 

mile. 


Depth 

in 
inches. 


0.13 
.63 
.79 
.80 
.24 
.13 
.12 


KoTB..>-Oage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Pim>er 
Ko.  60,  page  48;  rating  table  on  page  172  of  same  paper. 
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STREAM   HEASDBSMENTS   IS   1901. 

Eftimated  monthly  diweJiarye  of  Arkarua*  River  at  Pmblo,  Cdo. 

[Drslmse  woi,  *,<«)  BqiiBiv  mlln.] 


°r 


Jamiaiy 

Febnurj'  .. 

Haroh 

April 

May 

Jim« 

July 

AngOBt 

September . 

October 

November. . 
December.. 


1,560 
1,387 


823 

10,700 

M7 

82,  MO 

1,784 

100,604 

3.847 

180,656 

1,004 

01,733 

776 

47,714 

420 

25,627 

821 

19.737 

S28 

10.517 

tor  ItOl  are  (flTen  tn  Water4npply  Vtigtt 


s«;..rt. 
MOO 

7,000 
B,0llO 
8,000 
i,000 

10  zo 

lOK 

SISI 

PR. 

N)?n 

« 

JfA 

s» 

ft 

OC&, 

\ 

. 

i. 

« 

1 

■ 

1 

1 

1 

■ 

r 

\ 

1 

1 

1 

1 

ill 

0 

1 

1 

1 

1 

1 

■ 

Flo.  4T,— DlKltHse  la . 


Biver  at  Poebio,  Oolo^  UOL 


IVEWSLL.] 


ABKAKSAS   BIVEB  DBAINAOB. 
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EsHmaied  monthly  discharge  of  Arkansas  River  at  Prowers,  Colo, 

[Drainage  area,  19^80  fiqiiare  mil«B.] 


Month. 


Discharge  in  seoond-f eet. 


Maxi- 
mum. 


1901. 

Jannary _ .  120 

Febrnary '  103 

March 50 

April 61 

May I  2,546 

Jtme I  6,086 


July 

Angnst  ... 
September 
October   .. 
November 
December . 


The  year 


658 

2,782 

658 

88 

88 

120 


6,086 


Mini- 
mun. 


36 
25 
25 

15 
48 
120 
36 
48 
10 
10 
86 
26 

10 


Mean. 


60 

64 

40 

41 

564 

2,129 

176 

518 

120 

46 

59 

55 


Total  in  acre- 
feet. 


Run-off. 


Seoond- 

feetper 

aqnare 

mile. 


823 


3,689  I 

3,554  ' 

2,460  ' 

2,440 

34,679 

126,684  I 

10,822  , 

31,851 

7,140 

2,828 

3,510 

3,382 


233,039 


0.003 
.003 
.002 
.002 
.029 
.111 
.009 
.027 
.006 
.002 
.008 
.008 


.017 


Depth 

in 
inches. 


0.003 
.003 
.002 
.002 
.088 
.124 
.010 
.031 
.007 
.002 
.003 
.003 


.223 


NoTX.— Oage  heights  and  discharge  measnrements  for  1901  are  given  in  Water-Supply  Paper 
No.  66,  page  58;  rating  table  on  page  172  of  same  paper. 

Esiimated  monthly  discharge  of  Arkansas  River  at  Hutchinson,  Kans, 

[Drainage  area,  84,000  square  miles.] 


Month. 


January. 
Febrnary  . 

March 

April 

May 

Jxine 

July 

Angnst 

September. 
October  . . . 
N'ovember . 
I>eoember  . 


1901. 


Discharge  in  second-feet. 


Maxi- 
mum. 


The  year 


140 

530 

295 

960 

190 

2,820 

205 

60 

205 

140 

52 

70 


2,820 


Mini- 
mnm. 


80 

80 

140 

140 

100 

100 

30 

20 

20 

45 

37 

37 


20 


Mean. 


94 

167 

171 

375 

146 

747 

83 

27 

64 

76 

39 

45 


169 


Bnn- 

Total  in  acre- 
feet. 

Seoond- 

feet  per 

square 

mile. 

5,780 

0.003 

9,275 

.005 

10, 514 

.005 

22,314 

.011 

8,977 

.004 

44,450 

.022 

5,103 

.002 

1,660 

.001 

3,808 

.002 

4,673 

.002 

2,321 

.001 

2,767 

.001 

121,642 

.005 

Depth 

in 
inches. 


0.008 
.005 
.006 
.012 
.005 
.025 
.002 
.001 
.002 
.002 
.001 
.001 


.065 


IToTS.— Gage  heights  and  discharge  measnrements  for  1901  are  given  in  Water-Supply  Paper 
l^'o.  66,  page  66;  rating  table  on  page  172  of  aame  paper. 
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STBEAM   MEABUBEMENTS   ITf   1901. 


[ho.  IS. 


Beo.-ft. 
8,000 


7,000 


6,000 


5,000 


4,000 


8,000 


2,000 


1,000 


JAN. 
10  20 

FEa 
110  20 

MAR.  1 
I0  20j 

APR. 
10  20 

MAY 
10  20 

JUNk 
10  20 

JULY 
LK>20 

AUO. 
il0  20 

SEPT. 
10  20 

OCT. 
10  20 

10  20  1 

DEC 
10  20 

n 

1 

• 

i 

d 

V 

i 

J 

\ 

i 

fe 

V 

Fio.  48.— Discharge  of  Arkanaas  RiTer  at  Hntchinaon,  Kans.,  1901. 

VERDIGRIS    RIVER. 

Estimated  monthly  discharge  of  Verdigris  River  near  Liberty ,  Kans, 

[Drainage  area,  8,067  square  miles.] 


Month. 


1901. 


January... 
Febmary  . 

March 

April 

May 

June 

July 

August  ... 
September 
October . . . 
November. 
December. 


Discharge  in  seoond-f  eet. 


Theyear. 16,260 


Maxi- 

Mini- 
mpin. 

860 

280 

2,200 

368 

7,458 

368 

16,260 

760 

2,550 

90 

810 

40 

90 

8 

205 

2 

2,200 

2 

90 

40 

40 

27 

55 

40 

16,260 

2 

Mean. 


465 

920 

1,006 

3,272 

554 

122 

13 

30 

158 

55 

87 

51 


Total  in  acre- 
feet. 


556 


28,592 

51,094 

61,857 

194,697 

34,064 

7,259 

799 

1,845 

9,104 

3,382 

2,202 

3,186 


398, 031 


Biin-off. 


0.151 
.300 
.828 

1.067 
.181 
.040 
.004 
.010 
.050 
.018 
.013 
.017 


0.174 
.313 
.379 

1.195 
.909 
.045 
.005 
.012 
.056 
.031 
.018 
.<K0 


.182 


441 


Nons.— Gage  heights  and  discharge  measnrements  for  1901  are  given  in  Water-Sapply  Pkiiper 
No.  66,  page  67;  rating  table  on  page  178  of  same  paper. 


MKVfJBLlj.] 


WESTEBIT   QVJjT   DBAtNAGl^. 
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NEOSHO  RIVER. 

Estimated  monthly  discharge  of  Neosho  River  near  lola,  Kans, 

[Drainage  area,  3,070  square  miles.] 


Month. 


1901. 


Jannary  .. 
February  _ 

March 

April 

May 

June 

July 

August 

September. 
October . . . 
November. 
December. 


The  year 


Discharge  in  second-feet. 

Total  in  acre- 
-feet. 

Bun-off. 

I 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Seoond- 

feet  per 

square 

mile. 

Depth 

in 
inches. 

985 

353 

444 

27,300 

0.121 

0.140 

3,570 

353 

1,224 

67,978 

.334 

.848 

1,900 

552 

999 

61,426 

.272 

.314 

19,250 

1,882 

6,969 

414, 684 

1.899 

2.119 

1,500 

678 

1,065 

65,484 

.290 

.384 

4,250 

450 

955 

56, 826 

.260 

,290 

853 

190 

254 

15,618 

.069 

.080 

190 

154 

178 

10, 945 

.048 

.055 

142 

58 

102 

6,069 

.028 

.081 

58 

10 

33 

2,029 

.009 

.010 

70 

10 

32 

1,904 

.009 

.010 

94 
19,250 

10 

35 

2,152 

.010 

.012 

10 

102 

732, 415 

.279 

3.743 

NoTS.— Gtage  heights  and  discharge  measurements  for  ISOl  are  given  in  Water-Supply  Paper 
No.  0S,  page  57;  rating  table  on  page  172  of  same  paper. 

WESTERN  GUIiF  DRAINAGE. 

During  1901  measurements  were  continued  on  the  Brazos  River  at 
Waco,  Tex.,  and  on  the  Colorado  River  at  Austin,  Tex.  Results  of 
measurements  are  here  published  for  the  Waco  station  for  the  entire 
period  of  observation,  1898  to  1901.  A  hydrographic  reconnaissance 
was  made  during  the  month  of  December,  1901,  by  Prof.  Thomas  U. 
Taylor,  of  a  number  of  Texas  streams,  the  results  of  which  reconnais- 
sance are  published  in  Water-Supply  Paper  No.  66,  pages  58  to  63. 
Descriptions  of  the  principal  irrigation  system.s  of  Texas  deriving 
their  water  supply  from  rivers  or  wells  in  that  State  are  contained  in 
Water-Supply  Paper  No.  71,  entitled  Irrigation  Systems  of  Texas,  by 
Prof.  Thomas  U.  Taylor. 

Systematic  measurements  were  kept  during  1901  at  fifteen  gaging 
stations  scattered  along  the  Rio  Grande  and  its  tributaries,  the  first 
station  being  at  Del  Norte,  at  the  head  of  the  San  Luis  Valley,  Colorado, 
and  the  last  station  at  Eagle  Pass,  Tex.  The  stations  along,  the  Lower 
Rio  Grande  are  maintained  by  the  International  (Water)  Boundary 
Commission. 
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STREAM   HEABTTBEMENTS  IN   1901. 


[HO.IB^ 


The  accompanying  diagrams,  figs.  50,  51,  and  52,  furnish  an  inter- 
esting graphic  comparison  of  the  dischai^e  of  the  Rio  Grande  near 
E]  Paso,  below  Presidio,  and  near  Eagle  Pass  for  1900  and  1901. 


BRAZOS  RIVER. 

E^imated  monthly  discharge  of  Brazos  River  at  Waco,  Tex. 

[Draiziage  area,  80,780  square  mJles.] 


Month. 


1898. 
September  14-30. 

October 

November 

December 


1899. 


January... 
February  . 

March 

April 

May 

Jmie 

July 

August  ... 
September 
October . . . 
November 
December. 


The  year 


1900. 


January... 
February  . 

March 

April 

May 

June 

July 

August  ... 
September 


Diflcharge  in  second-feet. 


mnxn. 


1,136 
145 
721 


179 

95 

68 

2,968 

5,085 

70,682 

50,110 

2,185 

106 

16,750 

77,076 

11,600 


77,076 


9,620 
830 

3,435 
83,094 
46,218 
85, 095 
10,240 

5,277 
98,832 


Mini- 
mnm. 


95 
61 
61 


76 
61 
26 
26 
40 

668 
1,800 

118 
50 
32 

365 

748 


26 


860 

365 

315 

668 

3,365 

1,322 

1,220 

540 

365 


Mean. 


797 

847 

85 

144 


116 

82 

41 

161 

1,457 

11,203 

10,945 

538 

74 

1,127 

7,582 

2,974 


3,025 


1,914 

615 

791 

15,585 

9,092 

6,090 

3,148 

2,257 

22,213 


Total  In 
feet. 


26,874 

21,336 

5,058 

8,854 


7,188 

4,554 

2,521 

9,580 

89,587 

666,624 

672, 981 

82, 778 

4,403 

67, 075 

461,160 

182,864 


2,191,255 


117,687 

34,155 

48,687 

927, 371 

559,045 

862,380 

198,568 

188,777 

1,831,767 


Run-off. 


0.026 
.011 
.003 
.005 


.098 


.062 
.020 
.026 
.507 
.292 
.198 
.102 
.078 
.722 


0.016 
.013 
.003 
.006 


.004 

.005 

.003 

.003 

.001 

.001 

.005 

.006 

.047 

.054 

.364 

.526 

.356 

.407 

.017 

.019 

.002 

.003 

.037 

.043 

.246 

.277 

.097 

.112 

1.455 


.071 
.021 
.030 
.566 
.332 
.^1 
.114 
.084 
.803 


WE8TEBN  iiVL^  DBAINAGE. 
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Estimated  monthly  discharge  of  Brazos  River  at  Waco,  Tex, — Continued. 


Month. 


1900. 


October .  _ . 
November. 
December. 


The  year 


1901. 


January... 
February  . 

March 

April 

May 

June 

July 

Angrnst  ... 
September 
October... 
November 
December. 


The  year 


Diflcharge  in  seocmd-f eet. 


mmii. 


85,376 

12,160 

775 


98,882 


415 

616 

415 

1,172 

38,017 

18,974 

267 

1,126 

3,100 

565 

748 

267 


88,017 


Mini- 
mnm. 


1,082 
775 
415 


815 


267 

221 

145 

179 

76 

221 

61 

68 

61 

96 

76 

76 


61 


M6ftn. 


4,958 

1,826 

575 


5,755 


344 
392 
232 
560 
3,670 
2,944 
107 
431 
662 
246 
808 
136 


886 


Total  in  acre- 
feet. 


304,548 

108,655 

35,855 


4,151,940 


21,213 

21,771 

14,265 

33,322 

225,660 

175, 180 

6,479 

89,382 

26,501 

15,126 

18,080 

8,862 


606,241 


finn-ofl. 


Second- 

feet  per 

square 

mile. 


.161 
.069 
.019 


.187 


.011 
.013 
.008 
.020 
.119 
.096 
.003 
.022 
.014 
.006 
.010 
.004 


.026 


Depth 
inches. 


.186 
.066 
.022 


2.615 


.018 
.014 
.009 
.018 
.187 
.107 
.008 
.025 
.016 
.009 
.011 
.005 


.367 


NoTB.— Gkiire  heights  and  discharge  measorements  for  1901  are  given  tn  Water-Supply  Paper 
No.  06,  page  fiO;  rating  table  on  page  178  of  same  paper. 


STBBAll   MEABCBEI^NTS   IN   IWl. 
COLORADO  RIVER. 

Ettimated  montMs  discharge  of  Colorado  JHver  at  Auttin,  Tlsc. 

[DfKlnBge  krsK,  31,000  sqiuire  miles.] 
DlacliJirBB  In  Moond-feet. 

Hul- 


Jannary... 
Febmsry  . 

Httrch 

April 

May 

July 

August  ... 


October.... 
November, . 
December.. 


2,  soft 

1,908 
l,t90 


S,148 
1,996 
4,087 


106,631 
89,464 
88,661 
198,634 
118,770 
248,236 
84,810 
a47,eff7 
35,517 
10,  (»6 
26,780 


tBetpB^     1^*^ 


■»  gtrta  in  W«ter-8iq>pl7  F>«« 


Fio.  48.— Dtaoharge  of  Colorado  Klyer  at  Amtln,  Tta.,  IIOL  - 


WB8TEHN  GULP  DBiUNAGS. 
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RIO  GRANDE. 

Estimated  monthly  discharge  of  Rio  Ghrande  near  Del  Norte,  Colo. 

[Dndnage  area,  1,400  square  mileB.] 


Month. 


January 
February  . 

March 

April 

May 

Jtme 

Jtdy 

An^^nst 

September 
October . . . 
November- 
December. 


1901. 


Discharge  in  seoond-f eet. 


Mazi- 
nnmi. 


Hinl- 
nrani. 


The  year . 


1,784 

4,479 

2,764 

1,003 

660 

895 

820 


289 
1,468 
1,149 
884 
820 
258 
228 


Mean. 


a800 

«900 

«500 

710 

2,570 

1,782 

694 

464 

446 

262 

288 

866 


806 


Total  in  acre- 
feet. 


49,190 
49,988 
30,744 
42,248 
168,028 
116,086 
86,524 
28,580 
26,589 
16, 110 
16,840 
22,504 


593, 271 


Run-off. 


Second- 
feet  per 
square 
mile. 


«0.57 

a. 64 

«.36 

.51 

1.84 

1.27 

,42 

.88 

.82 

.19 

.20 

.26 


.58 


Depth 

in 
inches. 


<i0.66 

«.67 

fl.40 

.57 

2.12 

1.42 

.48 

.88 

.86 

.22 

.22 

.80 


7.80 


o  Approximate. 

NOTB.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  60,  page  66;  rating  table  on  page  178  of  same  paper. 

Estimate  monthly  discharge  of  Rio  Ghrande  at  Cenicero,  Colo, 

[Drainage  area,  7,606  square  miles.] 


Month. 


1901. 


January  . . 
February  . 

March 

April 

May 

June 

Jnly 

Angust 

September 
October . . . 
Ifl'oTember. 
December. 


> 


The  year 


Discharge  in  seoond-ftot. 

Mazi- 

Mini- 
mum. 

Mean. 

694 

594 

594 

594 

414 

581 

774 

107 

865 

1,044 

107 

278 

2,664 

1,224 

1,680 

1,854 

236 

1,032 

236 

22 

82 

142 

31 

60 

58 

48 

50 

79 

43 

54 

142 

48 

72 

414 

142 

387 

2,664 

22 

432 

Total  in  acre- 
feet. 


86,524 

82,267 

22,448 

16,542 

103,299 

61,408 

5,041 

8,689 

2,975 

8,320 

4,284 

20,721 


312, 518 


Run-off. 


Second- 
feet  per 
square 
mile. 


0. 0770 
.0760 
.0470 
.0360 
.2180 
.1840 
.0110 
.0078 
.0063 
.0072 
.0094 
.0440 


.0561 


Depth 

in 
inches. 


0.0890 
.0790 
.0540 
.0400 
.2500 
.1500 
.0130 
.0090 
.0070 
.0083 
.0105 
.0510 


.7608 


NOTK.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
2iSo.  66,  page  66;  rating  table  on  page  173  of  same  paper. 
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STREAM   MEABUREICENTS   IN   1901. 


[B0.1&. 


Estimated  monthly  discharge  of  Rio  Orande  ai  Embudo,  N,  Mex. 

[Drainage  area,  10,000  square  miles.] 


Month. 


1901. 


January  . . 
February  . 

March 

April 

May 

June 

July 

Angnst 

September 
October  _ . . 
November . 
December . 


Discharge  in  seoond-f eet. 


Maxi- 
mum. 


400 

680 

680 

2,020 

6,950 

4,200 

9,700 

1,470 

690 

540 

460 

600 


The  year 9,700 


Mini- 
mum. 


280 
850 
850 
860 
1,700 
580 
220 
800 
800 
800 
840 
860 


220 


Mean. 


841 
466 
618 
628 
3,461 
1,714 
898 
461 
859 
881 
869 
428 


787 


Total  in  acre- 
feet. 


20,967 
26,880 
81,851 
87,869 
212,809 
101,990 
24,472 
27,730 
21,362 
20,862 
21,362 
26,009 


672, 168 


Run-oif. 


Seoond- 
f  eet  per 

square 
mile. 


Deptii 

in 
incbes. 


0.034 
.046 
.051 
.062 
.343 
.170 
.039 
.045 
.036 
.033 
.036 
.042 


.078 


0.039 
.05d 


.896 

,m 

.045 
.052 

.040 
.038 

.(HO 
.048 


LOW 


Note.— Gage  heights  and  discharge  measurements  for  1901  are  giyen  in  Water-Supply  Paper 
No.  66,  page  66;  rating  table  on  page  178  of  same  paper. 

Estimated  monthly  disdmrge  of  Rio  Grande  at  Rio  Orande,  N. 

[Drainage  area,  14,060  sqnare  miles.] 


Discharge  in  seoond-f  eet. 


Month. 


1901. 

January 

February 

March 

April - 

May 

Jnne 

July 

August 

September 

October 

November 

December 

The  year . 


Maxi- 
mum. 


610 
1,860 
1,275 
4,940 
8,400 
4,740 
2,930 
3,450 
2,295 
1,870 
680 
640 


8,400 


Mhii- 
mnm. 


265 
420 
890 
420 
4,000 
815 
280 
200 
280 
320 
880 
260 


200 


Mean. 


397 

668 

742 

1,402 

5,194 

2,199 

729 

827 

680 

491 

462 

463 


1,179 


Total  in  acre- 
feet. 


24,410 
86,643 
46,624 
83,426 
819, 367 
130,850 
44,824 
60,860 
34,512 
30,190 
27, 491 
28,468 


856,664 


Biin-<^. 


Beoond- 

f  eet  per 

sqnare 

mile. 


0.028 
.047 
.053 
.100 
.870 
.157 
.052 
.059 
.041 
.035 
.083 
.088 


.084 


Depth 

in 
incfaefi. 


0.03^ 
.049 
.061 

.112 
.43li 
.  17'^ 
.060 
.06H 
.046 
.040 
-OS: 
.08^ 


l.U> 


Note.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Sapply  Psp* 
No.  66,  page  67;  rating  table  on  page  178  of  same  paper. 


MCWBLf^l 


WESTERN   GULF   BBAINAGE. 
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Estimated  monthly  discharge  of  Rio  Orande  near  San  MareicU,  N,  Mex. 

[Dndnage  area,  28,067  square  miles.] 


Month. 


January 
February  . 

March 

April 

May 

June 

Jtdy 

ATignst  ... 
September 
October  . . . 
Kovember. 
December. 


1901. 


Discharge  in  seoond-f eet. 


znnxn. 


Theyear 6,600 


450 
1,000 

480 
8,660 
5,670 
4,740 
6,600 
5,866 
6,210 
2,820 
1,460 

460 


Mini- 
innxn. 


80 

290 

80 

0 

2,880 

60 

0 

120 

0 

0 

160 

280 


0 


Mean. 


841 

468 

246 

898 

4,166 

1,616 

964 

1,066 

682 

277 

887 

818 


901 


Total  in  acre- 
feet. 


20,967 
26,468 
16, 114 
28,688 
266,126 
96,178 
69,286 
66,684 
87,607 
17, 018 
20,068 
19,240 


Ban-off. 


Second- 
feet  per 
square 
mile. 


666,274 


0. 0121 
.0168 
.0088 
.0142 
.1484 
.0674 
.0841 
.0879 
.0226 
.0099 
.0120 
.0111 


.0820 


Depth 

in 
inches. 


0.0140 
.0170 
.0101 
.0168 
.1711 
.0640 
.0894 
.0487 
.0261 
.0114 
.0184 
.0128 


.4888 


NoTK.-^af;e  heights  and  discharge  measarementa  for  19Q1  are  given  in  Water-Supply  Paper 
No.  66,  page  68. 

Estimated  monthly  discharge  of  Rio  Orande  near  El  Paso,  Tex, 

[Drainage  area,  80,000  square  miles.] 


Month. 


January 
February  . 

march 

April 

May 

June 

jTily 

August  ... 
September 
October .  - . 
November. 
I>ecember . 


1901. 


Maxi- 
mum. 


The  year 


80 

270 

410 

0 

o,  9o*f 

3,620 

2,480 

3,070 

2,650 

450 

810 

130 

8,980 


rge  in  seoond-f  eet. 

Mini- 

Mean. 

0 

6 

0 

81 

0 

60 

0 

0 

110 

2, 571 

20 

1,295 

0 

205 

90 

986 

0 

853 

0 

87 

40 

215 

180 

130 

0 

499 

Total  in  acre- 
feet. 


278 

4,503 

3,669 

0 

158, 102 

77,038 

12, 576 

60, 655 

21,005 

6,336 

12,813 

7,993 


368,968 


Run-off. 


Seoond- 

f eet  per 

square 

mile. 


0.0002 
.0027 
.0016 
.0000 
.0867 
.0432 
.0068 
.0829 
.0118 
.0029 
.0072 
.0048 


.0166 


Depth 
inches. 


0.0002 
.0028 
.0018 
.0000 
.0988 
.0482 
.0078 
.0379 
.0132 
.0088 
.0080 
.0060 


.2270 


29^0TX.~-Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Fftper 
N'o.OSipageTO. 
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[nail 


Bec-ft. 
1^000 

14,000 

12,000 

10,000 

8,000 
8,000 

4,000 

2,000 


14,000 


12,000 


10,000 


8,000 


6,000 


4,000 


2,000 


JAN. 
10  20 

f 

1 

0  2C 

.      MAR. 
>     10  20 

\PR. 
0  20 

I 

1 

y|AY 
0  20 

JUNE 
10  20 

JULY 
10  20 

AUG. 
10  20 

SEPT. 
10  20 

< 

SctT 

0  20 

NOV. 
10  20 

DEC. 

10  20 

/I 

*o 

0 

1 

1  ■ 

- 

L 

1 

1 

J 

1 

i 

L 

• 

ll 

• 

r 

• 

• 

A 

K 

►/ 

■ 

■ 

I 

i 

i^H 

L 

L 

i 

• 

i 

■ 

y 

L 

] 

y 

L 

i 

L 

L 

J 

L 

Fio.  60.— Discharge  of  Rio  Qrande  near  El  Paso,  Tex.,  190(K>19aL. 
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EatimcUed  monthly  discharge  of  Rio  Orande  near  Fort  Hancock,  Tex, 


Hontii. 


1901. 


January... 
Febmary.. 

March 

April- 

May 

June 

Jnly 

Angnst 

September. 
October  . . . 
November. 
December . 


The  year 


Discharge  in  aecond-feet. 


MaxIninTn. 


0 

0 

0 

0 

2,680 

2,710 

1,250 

1,770 

1,800 

630 

1,000 

450 


2,710 


MiTilfnTim- 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
30 
40 


0 


Mean. 


0 

0 

0 

0 

1,742 

1,015 

67 

622 

241 

94 

210 

123 


343 


Total  in  aor&- 
feet. 


0 

0 

0 

0 

107,127 

60,417 

4,126 

38,221 

14,31^1 

5,752 

12, 476 

7,736 


250,176 


NoTB.— Gage  heights  and  discharge  measurements  for  19Q1  are  given  in  Water-Sapply  Pa];)er 
No.  06,  page  71. 

Estimated  monthly  discharge  of  Rio  Orande  above  Presidio,  Tex. 


Hontli. 


1901. 


January... 
February  . 

March 

April 

May 

June 

Jnly 

Angnst 

September 
October... 
November. 
December. 


The  year 


Discharge  in  seoond-feet. 


M^-Httititw 


0 

0 

0 

0 

1,370 

1,620 

830 

1,270 

1,780 

970 

1,020 

130 


1,780 


MfalTniiTw 


0 

0 

0 

0 

0 

0 

0 

10 

30 

0 

30 

60 


Mean. 


0 

0 

0 

0 

770 

731 

137 

462 

453 

185 

157 

81 


248 


Total  in  acre- 
feet. 


0 

0 

0 

0 

47,326 

48,478 

8,450 

28,423 

26,936 

11,365 

9,322 

4,979 


180, 279 


NoTX.— Gage  heights  and  discharge  measurements  for  1001  are  gpiyen  in  Water -Supply  Paper 
TSo.  W,  page  7%. 
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Estimated  monthly  discharge  of  Rio  Grande  below  Presidio ,  Tex.  (including  the 

flow  of  Conchos  River) , 


Month. 


1901. 

January 

February  ._ . 

March 

April -- 

May -  - 

Jnne 

July _ 

AngOBt 

September 

October 

November 

December 

The  year , 


Dlscfaarge  in  seoond-f eet. 


M#^^"ii'"' 


200 

780 

440 

80 

1,800 

1,580 

8,470 

8,130 

5, 410 

5,690 

1,500 

450 


5,690 


Minixnmn. 


160 

160 

80 

20 

20 

50 

20 

820 

640 

830 

880 

260 


20 


Mean. 


181 

814 

198 

41 

720 

763 

999 

1,793 

2,206 

1,228 

598 

800 


778 


Total  in  acre- 
fecit 


11,107 

17,484 

12,19H 

2,430 

44,291 

45,422 

61,408 

110,241 

131,366 

75,213 

ti5, 266 

18,466 


564, 732 


NOTB.— (}age  heights  and  discharge  measurements  for  1901  are  glren  in  Water-Snpfily  Paper 
No.  66,  page  74. 


WB8TERK   OULF   DRAIMAOB. 


I 


iUliliE 


Fro.  EL— Dtoobuve  of  Bio  Qrude  below  Presidio,  Tez..  I«I»~1N1. 
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Egtimated  monthly  discharge  of  Rio  Chrande  near  Langtry^  Tex. 


Month. 


1901. 


January... 
February  . 

March 

April 

May 

June 

July 

Angnst  ... 
September 
October . . . 
November. 
December. 


The  year 


Diflcharge  in  aeoond-f eet. 


MaTlnniTn. 


620 

920 

890 

920 

8,600 

2,360 

3,610 

8,920 

14,700 

6,120 

2,610 

1,120 


14,700 


M^pf  "*^"" 


570 
520 
460 
370 
460 
600 
500 
820 
1,210 
1,100 
980 
800 


370 


Mwm. 


600 

699 

627 

425 

1,163 

1,465 

1,314 

2,306 

3,418 

1,900 

1,367 

875 


Total  in 


1,388 


36,883 
83,^ 
38,539 
25,309 
71,524 
87.174 

oO,  jOi 

141,818 

203,385 

116,846 

81,323 

53,773 


070. 6£ 


NoTX.— Oage  heights  and  discharge  measurements  for  1001  are  given  in  Water-Supply  Fupa" 
No.  06,  page  75. 

Estimaied  monthly  discharge  of  Pecos  River  near  Moorhead,  Tex, 


Month. 


1901. 


Jannary... 
February  . 

March 

April 

May 

Jmie 

Jnly 

AngoBt — 
September. 
October  . . . 
November. 
December . 


The  year 


Discharge  in  second-feet. 

Total  in  acre- 

Mazimmn. 

Minlmnm. 

Mean. 

fee^ 

570 

440 

508 

31,240 

610 

600 

563 

31,260 

530 

360 

443 

27,218 

380 

280 

306 

18,208 

670 

280 

348 

21,421 

440 

190 

321 

19,121 

1,270 

160 

341 

20,945 

1,220 

200 

688 

42,807 

9,200 

350 

1,295 

77,07$^ 

850 

420 

561 

34,512 

2,690 

490 

1,435 

85,389 

1,200 

500 

790 

48,67r> 

9,200 

160 

633 

457,30 

Note.— Gage  heights  and  discharge  measurements  for  1901  are  gi-ren  in  Water43iippil3r 
No.  00,  page  78. 
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Estimated  monthly  discharge  of  Devils  River  at  Devilsriver,  Tex. 


Month. 


1901. 


Jannary... 
February  . 

March 

April 

May 

'  JTime 

July 

Au^st  ... 
September 
October . . . 
November. 
r>ecember . 


Diflcharge  in  second-feet. 


Maxininni.  i  Mlnimnin . 


Mean. 


Total  in  acre- 
feet. 


The  year 


51,074 
44,489 
46, 017 
40,760 
40,919 
35, 921 
35, 841 
34, 215 
31,478 
31,974 
30,664 
30, 069 

458,421 


19'OTX.— Gage  heights  and  diacliarge  measorements  for  1901  are  given  in  Water-Supply  Paper 
Xo.  66,  page  79. 

Estimated  monthly  discharge  of  Rio  Grande  near  Devilsriver,  Tea', 


Month. 


1901. 


Jannary... 

Felnmary.. 

March 

April 

M:ay 

JvLXxe 

Jiily 

Angftist — 

September. 
October ... 
November. 
I)ecembfer . 


The  year 


Discharge  in  secon 
Maximum.    Minimum. 

d-feet. 
Mean. 

Total  in  acre- 
feet. 

2,330 

2,160 

2*,  277 

140, 033 

2,870 

2,120 

2,260 

125,497 

2,570 

1,920 

2,180 

133. 964 

2,070 

1,620 

1,719 

102, 288 

1        3,610 

1,750 

2,189 

134, 588 

3,770 

1,950 

2,669 

158,816 

5,250 

1,830 

2, 452 

150, 783 

6,000 

2, 650 

3,907 

240,218 

34, 280 

3,490 

5, 863 

348, 873 

11,500 

2, 630 

3, 938 

242, 122 

5,180 

2,969 

3,897 

231,888 

3, 350 

2,360 
1,620 

2,748 

168, 992 

34,280 

3,008 

2, 178, 062 

^OTK.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 


IRR  75—02- 


11 
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Estimated  monthly  dincharge  qf  Rio  Orande  near  Eagle  Pom^  Tejr. 


January. . . 
February  . 
March 

April 

May      . .   - 

June    

July 

August  .  . 
September 
October . . 
November. 
December . 


Month. 


1901. 


Discharge  in  seoond-feet. 


MitTitTinm   !  Minimum.        Mean. 


8,420 
2,740 
2,610 
2,300 
4,410 
5,480 
3,800 
5,240 
21,460 
7,600 
4,400 
2,670 


The  year ...J      21,460 


2,750 
2,510 
2,020 
1,7^0 
2,2C0 
1,770 
1,600 
2,800 
2,840 
2,380 
2,680 
2,010 


Total  In  acn> 
feet. 


3,054 
2,616 
2, 277 
1,934 
3,108 
3,571 
2, 376 
4,249 
5, 593 
3,444 
3.644 
2,245 


187, 79o 
145.  im 
140, 0:a 
115.  UM 
191.107 
212.  .j09 
146. 122 
261,24:} 

832,  m: 

211.775 
216. 8:« 
138.0?*9 


1,600  ;        3,176         2.298.763 


Note.— Gage  heights  and  discharge  measnremento  for  IWl  are  given  in  Water-Supply  Paper 
No.  66,  page  81. 


NEWBLLl  COLUKADO   RIVER    DBAINAOE. 


8,000 

e.000 

1.000 


Le,ooo 

laooo 


-  Pio.  as.— I>lH;tisr^oIKioOraQdeDeaTEaelePtuB,Tex.,  1900-ltOl. 

COLORADO  RIVER  1>RAINAGB. 

CoDsiderable  hydrographic  work  was  carried  uu  in  the  basin  of 
Colorado  River  during  the  field  season  of  lilDI.  Systematic  stream 
measurements  wei-e  iiia<l<t  at  all  the  stations  maintained  dnrinfi  the 
preceding  year,  with  the  exception  of  the  station  on  Grand  River  at 
Grand  Junction,  Colo,,  whieh  was  abandoned.  New  stations  were 
established  during  the  year  at  Craig,   Colo.,   on  Yauipa  River;  at 
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Meeker,  Colo.,  on  Whit/e  River;  at  Whitewater,  Colo.,  on  Gannison 
River;  near  Livingston,  Ariz.,  on  Tonto  Creek,  and  on  Salt  River 
above  the  mouth  of  Tonto  Creek.  The  latter  two  stations  were-estab- 
lished  in  connection  with  an  investigation  into  the  water  supply  for 
the  proposed  reservoir  on  Salt  River.  Similar  investigations  were 
conducted  on  Verde  River  during  1901.  A  detailed  report  of  these 
investigations  containing  plans  and  estimates  of  the  proposed  dams 
has  l)een  published  in  Water-Supply  Paper  No.  73,  entitled  "Water 
Storage  on  Salt  River,  Arizona,"  by  Arthur  P.  Davis,  under  whose 
direction  the  work  was  carried  on. 

Regular  measurements  were  resumed  at  Greenriver  station  on  Green 
River,  in  Wyoming,  which  station  had  been  discontinued  in  March  of 
the  preceding  year.  The  stations  established  on  Duchesne  River  and 
tributaries  during  the  fall  of  1899  by  C.  C.  Babb,  in  connection  with 
his  surveys  for  a  water  supply  for  the  Uinta  Indian  Reservation,  were 
maintained  during  1901.  Results  of  this  investigation  are  given  else- 
where in  this  report. 

Two  more  investigations  were  carried  on  in  the  Colorado  River 
Basin  during  the  field  season  of  1901,  one  being  a  project  for  divert- 
ing water  from  Gunnison  River  into  the  valley  of  the  Uncompahgre 
River  for  irrigating  purposes,  and  the  other  consisting  of  a  recon- 
naissance of  Lower  Colorado  River  for  the  purpose  of  discovering 
dam  and  reservoir  sites. 


GREEN   RIVER. 

Estimated  monthly  discharge  of  Green  River  at  Greenriver,  Wyo. 

[Dndnaige  area,  7,450  square  mfles.] 


Discharge  in  second-feet. 


Month. 


I     Mazi- 
I    mum. 


1901. 

April 2,880 

May .  12,410 

June ...  10,214 

July 4,202 

August -  2, 455 

September . .  905 


Mini- 
mum. 


Mean. 


500 

1,782 

3,405 

1,845 

905 

500 


1,326 
6,753 
5,416 
2,751 
1,411 
632 


Total  in  acre- 
feet 


78,843 

415, 226 

322, 274 

169, 152 

86,759 

37,607 


Ban-off. 


Second- 
feet  per 
square 
mile. 


Deiith 

in 
incJie^ 


0.18 
.91 
.73 
.37 
.19 
.08 


O.20 
l.(B 

.81 


Note.— Gage  heights  and  discharge  measurements  for  1901  are  giren  in  Water-6apply  Paper 
No.  66,  page  82;  rating  table  on  page  178  of  same  paper. 
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UINTA  RIVER. 

Estimated  monthly  discharge  of  Uinta  River  near  WhiterocJat,  Utah. 

[Drainage  area,  218  square  milee.] 


Month. 


Jaatiary  .. 
Febmary  . 

March 

April 

May 

Jtine 

July 

August  -.- 
September 
October . . . 
November. 
December. 


1901. 


The  year 


Mean  dia- 

charare  in 

aecond-feet. 


Total  in  acre- 
feet. 


Bun-oif. 


Second-feet 

per  square 

mile. 


a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 


140 
140 
150 
179 
684 
855 
251 
242 
193 
163 
142 
147 


8,608 

7,775 

9,223 

10,651 

42,058 

21,124 

15,433 

14,880  I 

11,484  ' 

10,022 

8,450  I 

9,039  i 


0.64 

.64 

.69 

.82 

3.14. 

1.63 

1.15 

1.11 

.89 

.75 

.65 

.67 


Depth  in 
Inches. 


«232 


168, 747 


1.07 


0.74 

.67 

.80 

.92 

3.62 

1.82 

1.33 

1.28 

.99 

.86 

.73 

.77 

14,53 


aApprozimate. 
NoTS.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  QO,  page  84;  rating  table  on  page  173  of  same  paper. 

Estijnated  monthly  discharge  of  Whiterocks  River  near  Whiterocks,  Utah. 

[Drainage  area,  114  square  miles.] 


Month. 


January... 
February  . 

March 

April 

May  . 

Jtme 

July 

August  . . . 
f-'eptember 
October . . . 
November 
December  . 


1901. 


Mean  dis- 
charge in 
second-feet. 


Total  in  acre- 
feet. 


fl50 

«50 

«50 

«74 

fl507 

«179 

«101 

«128 

a  95 

«75 

«63 

«61 


The  year 


«119 


3,074 
2,777 
3,074 
4,403 
31,174 
10, 651 
6,210 
7,870 
5, 653 
4,612 
3, 749 
3, 751 


86,998 


Bun-off. 


Second-feet 

per  square 

mile. 


0.44 
.44 
.44 

4.65 
.45 

1.57 
.89 

1.12 
.83 
.66 
.55 
.54 

1 .  05 


Depth  in 
inches. 


0.51 

.46 

.51 

.73 

5. 13 

1.75 

1.03 

1.29 

.93 

.76 

.61 

.63 

14.33 


o  Approximate. 
Note.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  08,  page  85;  rating  table  on  page  173  of  Hame  paper. 
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Estimated  monthly  discharge  of  Uinta  River  at  Fort  Duchesne,  Utah, 

[Drainage  area,  072  square  miles.] 


Discharfpe  in  necond-feet. 


Month. 


Total  in  acre- 
feet. 


January 

February 

March 

April 

May 

Jnne 

July 

August  .- 

September 

October 

November 

December 


Bun-off. 


8,301 

7,498 

8,116 

6,962 

78,047 

15, 531 

8,608 

10,330 

7,300 

7,133 

6,962 

7,998 


0.20 
.20 
.20 
.17 

1.77 
.39 
.21 
.25 
.18 
.17 
.17 
.19 


The  vear 


167, 681 


.34 


O.-ia 
21 
2S 
19 
04 
44 
24 
29 
20 
20 
19 

'W 


a  Approximate. 
Note.— Gage  heights  and  discharge  measorements  for  1901  are  given  in  Water-Snpply  P&p>'r 
No.  66,  page  m:  rating  table  on  page  174  of  same  paper. 

Estimated  monthly  discharge  of  Uinta  River  at  Ouray  ScJiool,  Utah, 

[Drainage  area,  967  square  mUee.] 


Discharge  in  second-feet. 


Month. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


Total  in  acre- 
feet. 


1901. 
January  

February 

March 

April 151 

May  .- 3.450 


June 

July 

August  ... 
September 
October . . . 
November 
Decemlier 


598 
192  . 
953  • 
192 
181 
142 


The  vear 


92 
92 

215 
181 
58 
52 
100 
108 
116 


«120 

«120 
116 
116 

1,137 
309 
114 
164 
121 
123 
126 

«115 

«223 


Run-off. 


Second- 
feet  per 
square 
mile. 


7,379 

6,664 

7,133 

6,902 

69,911 

18,387 

7.010 

10,084 

7,200 

7,563 

7,498 

7,071 


0.12 
.12 
.12 
^.12 
1.18 
.82 
.12 
.17 
AH 

.i:-l 

.13 
1** 


Depth 

in 
inches. 


0. 14 
.1-3 
.14 
.V\ 

l.:W 

A' 
A' 

.V- 
.14 


162, 802 


.23 


a  Approximate. 
Note.— Gage  heights  and  di»oharge  measurements  for  IflOl  are  given  in  Water-Su^^^iy  j>^., . 
No.  Ofi,  page  87;  rating  tiiUle  on  piigo  174  of  siime  tiaper.  ' 
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Estimated  monthly  discharge  of  Lake  Creek,  Utah,  near  mouth, 

[Draina^  area,  475  square  miles.] 


Month. 


Mean  dis- 
charge in 
secona-feet. 


Jannary.. 
February 
March  . . . 
April 


1901. 


««5 

«95 

olOO 

«132 

May !      «1,272 

«556 
O260 
«265 
«144 
«132 
«112 
«110 


June  _ . . 

July 

Angnst  ... 
September 
October .  _ . 
November 
December . 


The  year 


a  271 


Total  in  acre- 
feet. 


5,841 

5,276 

6,149 

7,855 

78, 212 

33,084 

15, 372 

15, 679 

8,569 

8,116 

6,664 

6,764 


Bun-off. 


Second-feet 

per  square 

mile. 


Depth  in 
inches. 


197, 581 


0.20 

0.28 

.20. 

.21 

.21 

.24 

.28 

.31 

2.68 

3.09 

1.17 

1.31 

.53 

.61 

.54 

.62 

.30 

.33 

.28 

.32 

.24 

.27 

.23 

.27 

.57 

7.81 

«  Approximate. 
Note.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Sapply  Pai)er 
Xo.  66,  page  88  rating;  table  on  page  174  of  same  paper. 

Estimated  monthly  discharge  of  Duchesne  River  at  Price  road  bridge,  Utah, 

[Drainage  area,  2,746  square  miles.] 


Discharge  in  second-feet. 


Bnn-ofF. 


Month. 


Maxi- 
mum. 


1901.                      I 
January I 

February  _ .   

March  ... . .        . 

April i     1,193 

May 6,675 

June ...  2, 862 


Mini- 
mum. 


July...      . 

Angnst 

September 
October  . . . 
November 
December  . 


910 
950 
408 
439 
355 


278 
247 
1 ,  193 
870 
408 
313 
262 
278 
278 


Mean. 


Total  in  acre- 
feet. 


The  year 


«280 

a280 

289 

498 

3,169 

1,485 

597 

453 

307 

322 

316 

«300 

691 


17, 217 
15, 550 
17, 770 
29,633 
194, 854 
88.364 
36,708 
27, 854 
18,268 
19, 799 
18, 803 
18,446 


503, 266 


Second- 
feet  per 
square 
mile. 


Depth 

in 
inches. 


0.10 
.10 
.11 
.18 

1.15 
.54 
.22 
.16 
.11 
.12 
.12 
.11 


0.12 
.10 
.13 
.20 

1.33 
.60 
.25 
.18 
.12 
.14 
.13 
.13 


3. 43 


n  Approximate. 
None.— Gage  heights  and  disohargo  meaMurements  for  IfMtt  are  given  in  Water-Supply  Paper 
No.  66,  page  80;  rating  table  on  page  174  nf  Hame  pai)er. 
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ASHLEY  CREEK. 

ThiH  stream  drains  an  area  in  northeastern  Utah  directly  east  of 
the  IMnta  River  drainage.  It  flows  southeasterly,  entering  Green 
River  about  25  mil^  Ijelow  the  place  where  the  latter  stream  crosses 
the  StaU*  line  between  Colorado  and  Utah.  About  7^  miles  above  the 
town  of  Vernal  the  creek  leaves  its  mountainous  area  and  enters 
what  is  known  as  Vernal  Valley.  This  valley  is  approximately  5) 
miles  hmg  and  3  miles  wide,  its  boundaries  being  sharply  defined  by 
the  foothills.     A  large  portion  of  the  valley  has  been  taken  up  bv 


Fio.  SS.—Caiud  flystem  of  Venml  Valley,  Utah. 

white  settlers,  and  a  considerable  acreage  is  now  under  cultivation 
through  iiTigation. 

There  are  three  principal  canals  in  use.  Upper  Ashley  canal,  on 
the  west,  built  in  1882,  covers  11,200  acres.  The  stock  of  the  com- 
pany is  divided  into  1,120  shares  of  a  face  value  of  $25  per  share,  and 
each  share  is  for  water  to  irrigate  10  acres.  During  the  census  year 
1900  the  area  irrigated  under  this  canal  was  6,500  acres.  Central 
Ashley  canal,  on  the  west  side,  built  in  1880,  covers  8,400  acres,  7,cX)0 
acres  of  which  were  irrigated  in  1900.  Each  share  is  for  sufficient 
water  for  20  acres  and  is  worth  $50,  or  $2.50  per  acre.  Rock  Point 
canal,  on  the  east  side,  built  in  1880,  covers  alx)ut  2,000  acres,  1,44X^ 
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acres  of  which  were  irrigated  in  1900.  The  stock  of  the  company  is 
divided  into  250  shares  of  a  face  value  of  $10  i)er  share,  and  each 
share  is  for  water  sufficient  for  7^  acres.  There  are  a  number  of 
smaller  canals  lower  down,  the  principal  one  being  known  as  Island 
ditch,  which  controls  900  acres,  400  acres  of  which  were  irrigated  in 
the  census  year  1900.  The  stock  of  the  various  canal  companies  is 
private  property.  A  farmer,  if  entitled  to  a  certain  amount  of  water, 
is  not  supposed  to  rent  or  otherwise  dispose  of  any  portion  of  it,  but 
it  is  often  the  case  that  he  does. 

By  a  decree  of  the  district  court  dated  November  17,  1897,  the 
waters  of  Ashley  Creek  are  divided  as  follows:  Upper  Irrigation 
Canal  Company  (Upper  Ashley  canal),  fj  of  one-third  of  the  discharge; 
Ashley  Central  Irrigation  Canal  Company,  f^  of  one-third  of  the  dis- 
charge ;  Rock  Point  and  other  canals  (Union,  Turner  &  Dodds,  Island, 
Steinacker,  and  Colton),  ^^  of  one-third  of  the  discharge;  and  Green 
River  interveners  the  remainder.  In  accordance  with  this  bill  the 
water  commissioner  ordered  all  canal  companies  to  install  weirs  so 
constructed  as  to  bring  the  water  to  a  quiet  st^te  GO  feet  above  the 
weirs.  A  weir  30  feet  wide  was  placed  in  the  river  above  the  head 
of  all  canals,  and  weirs  of  the  following  dimensions  were  ordered  placed 
in  the  canals,  the  sum  of  the  width  of  the  weirs  being  approximately 
the  width  of  the  river  weir : 

Weirs  on  Ashley  Creek  canals. 

Ft.     In. 

Upper  Ashley  canal- _ 9    10.4 

Central  Ashley  canal,  including  Green  River  interveners  (5.75  inches) 

and  deducting  Colton  canal  (3.70  inches) _  10        .47 

Union  canal _ 7. 11 

Turner  &  Dodds  ditch 11.58 

Island  ditch . 17.41 

Steinacker  ditch 8. 52 

Rock  Point  canal 5      8 .  79 

Colton  ditch  (decree  of  court  j^^Vs,  deed  from  Central  Ashley  canal  jf?) .  12. 21 

The  two  Ashley  canals  and  the  Rock  Point  canal  are  the  only  ones 
maintaining  weirs.  They  are  of  the  rectangular  type,  so  constructed 
that  each  has  two  end  contractions.  No  attempt  is  made  to  measure 
the  quantity  of  water.  When  the  creek  is  at  its  lowest  stages,  and  it 
becomes  necessary  to  divide  the  water  among  the  canals,  the  flow  into 
them  is  so  regulated  that  exactly  the  same  height  of  water  is  per- 
mitted to  pass  over  each  weir,  the  regulation  stake,  which  is  level 
w^ith  the  crest  of  the  weir,  being  placed  a  short  distance  above.  As 
the  lengths  of  the  weirs  correspond  with  the  court  decrees  the  amount 
of  water  is  supposed  to  be  in  the  required  proportion.  On  account 
of  the  end  contractions  of  the  weirs  of  the  two  Ashley  canals  and  the 
Rock  Point  canal,  those  ditches  do  not  receive  the  same  proportion  of 
i?eater  for  varying  heights,  as  tlie  reduction  of  length  for  end  contrac- 
tions is  a  function  of  the  height  of  the  water. 
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During  the  flood  singes  of  the  creek  more  water  passes  down  it  than 
the  canals  can  carry,  and  therefore  no  attempt  is  then  made  to  divide 
the  water.  It  is  only  when  lower  stages  of  the  creek  are  reached 
that  the  water  is  divided.  No  head  gates  are  maintained  in  the 
canals,  the  flow  being  regulated  by  placing  or  removing  rocks  in  the 
rough  dam — an  unsatisfactory  method,  of  course. 

The  principal  canals  of  the  valley  were  measured  twice  during  l^\\ 
once  in  May,  when  the  creek  was  in  flood  and  a  considerable  amount 
of  water  was  passing  all  canals  and  wasting  into  the  stream  below. 
The  measurements,  therefore,  ishow  approximately  the  maximum 
capacity  of  the  various  ditches. .  A  second  series  of  measurements 
was  made  in  August,  when  the  creek  was  at  a  low  stage  and  after  the 
water  had  been  divided.  The  following  tAble  contains  the  results  of 
the  measurements  made : 

Discharge  measurements  in  Vernal  Valley,  Utah. 


Date. 


stream. 


1900. 
May    28 
May    29 

Do... 

Do... 

Do... 
Aug.    21 

Do... 

Do... 

Do... 


Ashley  Creek 

Upper  Aahley  canal 


IjOcaUty. 


Gteging  station  . 
Measuring  weir 


Central  Ashley  canal do 


Near  head 
do 


I 


Rock  Point  canal 

Steinacker  canal 

Ashley  Creek '  Gaging  rtation. 

Upper  Ashley  canal Measuring  weir 

Central  Ashley  canal do 

Rock  Point  canal I  Near  measuring  weir 


Diacharpe. 

I 

I 
Sef.frti 

1*<! 

Si 
1" 


The  population  of  Vernal  Valley  is  6,000.  There  are  38,000  aen.^ 
of  land  on  the  valley  tax  rolls,  only  25,000  acres  of  which  are  undt-r 
ditch,  according  to  the  Twelfth  Census.  The  following  data  are  takeii 
from  the  same  authority: 

The  amount  of  land  irrigated  in  1900  was  17,471  acres.  The  aver- 
age cost  of  a  water  right  in  the  valley  is  $3  per  acre,  and  the  annual 
cost  for  maintenance  is  15  cents  per  a<3re.  An  acre  of  land  Tirithout 
water  is  valued  at  |;1.25,  but  as  soon  as  it  is  placed  under  ditch  and  l^ 
assured  a  good  water  supply  the  value  increases  to  $30.  The  lenjitb 
of  the  irrigation  season  is  six  months — from  April  1  to  October  1 . 

The  records  of  the  flow  of  Ashley  Creek  at  the  gaging  station  in  th*- 
canyon  for  the  season  of  1900  showed  a  total  discharge  of  56,225  acr^ 
feet.  The  combined  maximum  capacity  of  the  canals  of  the  vall«^} 
is  350  second-feet.  May  was  the  only  month  in  1900  in  whicli  tber 
was  more  water  than  tlie  canals  could  carry,  as  the  average  diselian:- 
for  that  month  was  478  second-feet,  or  an  excess  of  128  secoml-fe*  * 
The  latter  amount  represents  an  excess  of  7,870  acre-feet.  Sul>tra4'* 
ing  this  amount  from  the  total  discharge  of  the  river  for  the  p».*ri^*^ 
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will  leave  48,355  acre-feet,  the  amount  of  water  which  approximately 
was  spread  over  the  area  irrigated,  17,471  acres,  during  1900.  This 
is  an  average  depth  of  2.8  feet. 

The  discharge  of  48,355  acre-feet  for  the  six  months  represents  a 
mean  flow  of  133  second-feet,  or,  expressed  in  other  terms,  the  duty 
of  water  was  1  second-foot  to  131  acres.  The  autumn  is  the  season 
of  low- water  stages  for  the  streams  in  this  vicinity.  The  principal 
crops  of  the  valley  are  alfalfa  and  oats.  In  the  lower  portion  of  the 
valley  seepage  water  is  now  appearing  in  the  river  channels  and  is 
being  used  for  irrigation  purposes,  thus  increasing  the  duty  of  water 
in  that  section. 

There  is  a  voluntary  observer  of  the  Weather  Bureau  at  Vernal, 
who  has  kept  a  continuous  record  for  five  years,  the  mean  annual 
precipitation  for  that  period  being  9.38  inches.  The  precipitation  in 
1809  was  8.41  inches,  and  the  mean  temperature  46  degrees.  There  is 
no  well-defined  rainy  season,  but  the  principal  rainfalls  occur  in  June 
or  July.  The  snowfall  is  generally  light,  the  air  usually  dry,  and 
strong  winds  are  infrequent.  The  soil  is  a  sandy  loam.  The  mineral 
resources  are  said  to  be  excellent  in  the  surrounding  mountains, 
deposits  of  gold,  silver,  and  copper  being  worked  to  some  extent. 
Coal  is  also  found  near  by,  and  some  deposits  of  uintaite  of  the 
asphaltum  series.  Transportation  facilities  are  poor.  The  railroad 
is  reached  at  Price,  140  miles  distant,  by  way  of  Fort  Duchesne. 

East  of  Ashley  Creek  are  two  peculiar  streams  of  the  '*disappear- 
ing"  type,  known  as  Little  Brush  Creek  and  Big  Brush  Creek.  The 
main  Brush  Creek  enters  Green  River  3  miles  above  the  mouth  of 
Ashley  Creek.  The  peculiarity  of  these  two  forks  is  that  their  waters 
disappear  and  then  reappear  at  various  points  along  their  courses.  At 
one  place  Big  Brush  Creek  enters  a  long,  precipitous  tunnel  which 
has  been  only  partly  explored,  and  in  which  icicles  and  banks  of  ice 
are  said  to  exist  the  year  round. 

As  a  result  of  a  number  of  reports  upon  certain  curious  conditions 
said  to  exist  in  the  basin  of  the  Dry  Fork,  a  tributary  of  Ashley  Creek, 
a  reconnaissance  of  the  basin  was  made  in  August,  1901,  by  Mr.  C.  T. 
I^rall,  and  from  his  report  the  following  facts  are  taken : 

The  Dry  Fork  has  its  source  in  a  lake  in  the  Uinta  Mountains  about 
35  miles  northwest  of  Vernal.  Its  length  is  about  28  miles,  23  miles 
of  ^which  is  in  canyon  varying  in  width  from  500  feet  to  a  half  mile, 
and  5  miles  is  through  a  valley  1^  miles  wide.  The  general  course  of 
Mje  stream  is  southeast  and  the  fall  is  heavy,  at  least  150  feet  to  the 
III  ile.  It  enters  Ashley  Creek  about  8  miles  above  the  town  of  Vernal. 
^Vt>out  midway  the  stream's  length,  or  10  miles  northwest  of  Dry  Fork 
poHt-office,  a  gaging  was  made  on  August  20,  1901,  which  gave  a  dis- 
c^lii^rge  of  9G  second-feet.  About  1,200  feet  below  that  point  occurs  a 
£Xjol  or  sink  lying  in  a  circular  basin,  whoso  banks,  except  on  the 
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upstream  side,  are  from  75  to  KM)  feet  high.  The  stream  enters  this 
pool  tlirough  sevenil  inlets.  It  is  apparently  bottomless,  and  Ihe 
water  in  the  larger  end  has  a  slow,  circular  motion,  but  w^hether  this 
is  caused  by  the  incoming  streams  or  by  suction  from  below  could  not 
be  determined.  The  only  visible  outlet  from  the  pool  is  a  narrow, 
rocky  channel  which  has  been  widened,  by  blasting,  in  an  effort  to 
increase  it%s  flow.  It  was  carrying  about  10  second-feet  when  measurc<K 
but  this  water  sank  in  a  mile,  or  thereabouts. 

Three  miles  below  the  pool  the  North  Branch  enters.  One  mile 
above  its  mouth  8  second-feet  were  flowing  at  the  time  of  measure- 
ment, but  the  water  vanished  almost  immediately  upon  reaching  the 
main  channel.  Seven  miles  below  the  pool  are  locat<ed  several 
springs,  the  upper  and  largest  being  a  hole  25  feet  in  diameter. 
This  spring  was  perfectly  dry,  but  the  lower  ones  were  sending  out 
33  second-feet.  A  resident  in  the  Dry  Fork  settlement  since  1870 
stated  that  only  once  before,  to  his  knowledge,  had  these  springs  fur- 
nished water  after  the  subsidence  of  the  usual  spring  freshet.  It  was 
also  state<l  that  owing  to  recent  rains  the  stream  above  the  pool  was 
higher  than  usual.  Two  miles  below  the  springs,  at  the  canyon's 
mouth,  are  located  two  ditches,  but  they  had  carried  no  water  for 
several  weeks.  The  stream  bed  was  dry  from  the  heads  of  the 
diti^hes  to  its  mouth,  a  distance  of  5  miles. 

About  250  feet  above  the  mouth  of  the  Dry  P'ork  a  gaging  of  Ash- 
ley Creek  showed  132  second-feet.  About  400  feet  below  the  mouth 
of  the  Dry  Fork  the  discharge  was  128  second-feet.  A  closer  check 
than  this  would  probably  be  impossible  in  view  of  the  rather  rough 
character  of  the  creek's  bed.  One  mile  below  the  Dry  Fork,  at  the 
regular  gaging  station,  a  discharge  of  154  second-feet  was  found. 
The  increase  shown  here  is  due  to  a  ditch  diverting  water  from  the 
east  side  of  Ashley  Creek  a  short  distance  above  the  mouth  of  the 
Dry  Fork  and  returning  the  water  to  the  creek  again  al)ove  the  gag- 
ing station.  Two  small  ditches  carrying  a  total  of  3  second-feet  an? 
taken  out  of  Ashley  Creek  between  the  Dry  Fork  and  the  gaging 
station. 

The  Dry  Fork  Valley  comprises  about  1,000  acres  of  arable  land, 
all  of  which  is  under  cultivation.  Goo<l  crops  are  raised  through  use 
of  spring  flood  waters,  but  much  better  results  could  be  obtained  bv 
a  more  certain  supply.  However,  a  very  small  portion  of  the  flow  of 
the  stream  would  suffice,  leaving  a  large  amount  which  could  be  ustnl 
to  excellent  advantage  in  Ashley  Valley.  The  visible  supply  in  the 
two  branches  of  the  Dry  Fork  on  August  21  was  104  second-feet,  of 
which  amount  33  second-feet  found  its  way  into  the  ditches.  A  flume 
7  miles  in  length  would  carry  the  water  below  all  known  sinks,  Tvhere 
it  could  be  turned  back  into  the  stream  and  be  subject  to  only  the 
usual  losses  from  seepage,  etc.     Even  if  30  per  cent  were  lost  in  tran?^ 
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mission,  a  stream  capable  of  much  good  would  still  be  available.  A 
V-shaped  flume  was  partly  eonstructied  some  years  ago,  starting  above 
the  x)ool.  It  has  fallen  into  disuse,  but  it  is  understood  that  plans  are 
being  made  to  rebuild  it. 

March  15,  1900,  a  gaging  station,  described  in  Water-Supply  Paper 
No.  50,  page  368,  was  established  by  C.  T.  Prall  in  the  canyon  of 
Ashley  Creek,  7^  miles  above  the  town  of  Vernal,  and  a  short  distance 
above  the  head  of  the  upper  canal.  The  gage  is  a  vertical  rod,  painted 
white,  fastened  to  the  west  side  of  the  single  pier  of  the  wagon  bridge. 
The  bench  mark  is  a  20-penny  nail  driven  in  the  pier  opposite  the 
4- foot  mark.  Results  of  measurements  for  1901  are  given  in  the 
following  table: 


Estimated  nwnthly  discharge  of  Ashley  Creek  near  Vernal,  Utah. 

[Drainage  area,  250  aqaare  miles.] 


Month. 


Jannary 
February  . 

March 

April 

May 

June . 

Jtdy 

August  ... 
September 
October . . . 
November. 
December . 


1901. 


Discharge  in  second-feet. 


Maxi- 
mtun. 


1, 


36 
43 
55 

864 
136 
460  I 

141  I 

932  I 

131  [ 

72  j 

63  I 

55 


The  year 1,136 


Mini- 
mum. 


36 
36 
34 
34 

354 
141 
72 
72 
72 
55 
48 
48 


34 


Mean. 


36 

36 

37 

122 

683 

232 

100 

149 

96 

62 

58 

52 


139 


Run-off. 


Total  in  acre- 
feet. 


I 


Second- 
feet  per 
square 
mile. 


2,214  I 

1,999  I 

2,275  j 

7,260  i 

41,996 

I 
13,805  I 

6, 149  I 

9,162  i 

5,712  I 

3,812  I 

3,451  I 

3,197  I 


101,032 


0.14 
.14 
.15 
.49 

2.73 
.93 
.40 
.60 
.38 
.25 
.23 
.21 


Depth 

in 
inches. 


0.16 
.15 
.17 
.55 
3.15 
1.04 
.46 
.69 
.42 
.29 
.26 
.24 


.55         7.58 


NoTK.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paijer 
No.  66,  page  83;  rating  table  on  uage  173  of  same  paper. 


Ji  8TBBAM   ME&BVREMEHTB   IN   1901.  [»>3 

GRAND  RIVER. 

Extimaled  monthly  liinchtirgv  «./  Grand  RhxT  at  Glcninjod  Springs,  Cain. 


[ 

iraimnte 

rea,  6,838  square  mi 

«.] 

teW."™" 

— 

Honth. 

Moxl- 

Uiul- 

U«n. 

f«.l  per    ^^^ 

1901. 
January 

810 

»70 

970 

7.100 

23,895 

15.660 

10,  765 

3,680 

1,460 

970 

9.tS 

935 

650 
630 

737 

737 

6,430 

9.630 

3.090 

1.330 

840 

870 

810 

680 

688 
746 
837 

1,888 
13. 707 
13. 174 

1,907 

1,04.1 

917 

879 
788 

3,375 

42,180 
41.4.10 
51,46-1 
113,3*1 

848.,'i39 
734.404 
397, 170 
117.073 
62,182 
56,441 
.52.364 
48.452 

0.  12  1      ■■).  11 

March _ 

April 

May.: 

June 

Jrfy 

AugOBt 

September _  . . 

October 

November  _   ... 

December 

.14  IS 
.82'       ,:« 

3.36  1     :..:. 

3.09'  -i.V, 
.83  .W 
.33  ,* 
.  18  .■> 
.16          ,1? 

.13       .:: 

.  14          .V 

The  year  _ 

22,895 

n.'W 

3,454,039            ..58  1      T,"^ 

a  for  1901  are  glf «n  Id  Wkter-SupplT  Pt,-^ 


ec.ft. 

oV 

0  20 

APR. 

A 

JULY   [ 

•.U 

strt.T 

CT- 

HOV    1 

oeT 

1 

i 

\  i 

1 

i 

J 

.i 

\i 

, 

1 

u 

Fio.  M.— Discharge  of  Graod  River  at  Glenwood  Bprlugs,  Colo..  19CQ, 


KEWELiLt.] 
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GUNNISON  RIVER. 

Estimated  ftwnthly  discharge  of  Ounniaon  River  at  lola,  Colo, 

[DrainaKe  area,  2,298  square  miles.  1 


Month. 


Discharge  in  second-feet. 


Maxi- 

xnnni. 


Mini- 
mum. 


1901. 

April 2,442 

May 7.402 

June 1  8,686 

July i  2,289 

August -.--.'  1,11B 

September 663 

Ocrtober 361 

November . .  361 


426 
2,137 
2,289 
663 
496 
300 
300 
300 


Mean. 


Total  in  acre- 
feet. 


910 

3,756 

2,892  I 

1,151 

676 

399 

322 

310  i 


54, 148 
230,949 
172, 086 
70, 773 
41,750 
23, 742 
19. 799 
18,446 


Run-o£F. 


Soeoncl- 

teet  per 

square 

mile. 


Depth 

in 
inches. 


0.39 
1.55 
1.24 
.49 
.29 
.16 
.12 
.12 


0.44 
1.79 
1.38 
.56 
.33 
.18 
.14 
.13 


NoTK. — Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  66,  page  98;  rating  table  on  page  174  of  same  i>aper. 

DOLORES  RIVER. 

Estimated  monthly  ditfcharge  of  Dolorejn  River  at  Dolores^  Colo, 

[Drainage  area,  524  square  miles.] 


Month. 


Discharge  in  Heoond-feet. 


Maxi- 
mum. 


Mini- 
mum. 


1901.  1 

March |  555 

April 2.386 

May I  3.086 

jTine I  1,686 

July  - I  627 

August  - I  343 

September '  220 

Oetober 37 


82 

82 

1,371 

810 

141 

100 

19 

19 


Mean. 


178 

878 

2, 085 

1,206 

266 

174 

42 

26 


Bun-oflP. 


Total  in  acre- 
feet. 


10. 945 

52.245 

128, 201 

71,524 

16, 355 

10, 698 

2,499 

1,599 


Second- 
feet  per 
square 
mile. 


0.34 

1.68 

3.98 

2.30 

.51 

.33 

.08 

.05 


Depth 

in 
inches. 


0.39 

1.87 

4. 59 

2.46 

.59 

.38 
.09 
.06 


I 


T«3'oTE.— Oage  heights  and  discharge  measurements  I'or  1901  are  given  in  Water-Supply  Paper 
2^o.  66,  page  95;  rating  table  on  page  174  of  same  paper. 
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STREAM   MEASUREMENTS   IN   1901. 


[jro.^ 


LOS  PINOS  RIVER. 

Estimated  monthly  (Uncliarge  of  Lent  Pinos  River  at  Ignacio,  Colo. 

[Drainage  arna,  4.'iO ncinare  milect  ] 


Discharge  in  MX^ond-feet 


Month. 


Mazi. 
mum. 


Mini- 
mum. 


1901. 
April 

May 

June 

Jtdy 

AnguHt - . 

September  1-26. 


1,166  I 

1,569  ; 

887 


555 


825 


109 

735 

645 

83 

95 


Mean. 


452 
1,026 
763 
226 
202 
''186 


Total  in  acre- 
feet. 


Run-off. 


Seooiid- 

feet  per 

square 

mile. 


Dtp:!! 

in 
inrhi?*. 


26,896 
63,086 
45, 402 
13,896 
12,420 
9,592 


1.00 

2.28 

1.70 

.50  ' 

.45 

.47 


l.I* 
2.63 

i.a> 


G2 


K4(f 


"Partial  month. 

NoTK— Gasre  heights  and  discharge  measurements  fur  1(N)1  are  given  in  Water-Supply  Pfept^ 
No.  66,  page  9H;  rating  table  on  page  174  of  same  paper. 

FLORIDA  RIVER. 

Estimated  mmithhj  dincharge  of  Florida  River  near  Durango,  Colo. 

\  I>!-ainage  area,  136  stiuare  miles.] 


Discharge  in  socond-feet. 


Month. 


Max! 
mum 


April 
May  . 
June. 


1901. 


Rnn-ulf. 


Total  in  a<tro- 1  a^,^,,^^ 

'^r     inches 


6,545 
23,181 
10,235 


0.81 
2.77 
1.27 


3.e» 
1.4e 


Note.— Gago  heights  and  discharge  measurements  ftir  1001  are  given  in  Wates^npply  Pap^  r 
No.  66,  page  96;  rating  table  on  page  174  of  same  paper. 


COLORADO   RIVER   DRAINAGE. 
VERDE  RIVER. 
monthly  diieharge  of  Verde  River  near  MeDow^l,  Arix. 

[DtmliiB«e  km,  6,000  Bqtun  mlltH.] 


DlBcIuiTee  in  second-feet. 


ICud-        Hlnl- 


Jannary  . .  _ 

Febmary  . . 

May 

JnJy 

Angnst 

September  _ 
0<:toIier..-- 
Noyember , . 
December  ._ 


21,575 

0.059 

108,249 

.310 

S5,018 

.149 

10.988 

.03! 

8,906 

.033 

6,233 

.017 

12,916 

.085 

38,561 

.105 

5,5U 

,015 

8.210 

.023 

14.571 

.041 

16,485 

.045 

Theyear 8,613 


n  Water-Snpply  Paper 


et.  It. 

KSI 

o 

!Q 

to 

jx 

* 

» 

r^ 

n6v 

b 

'^1 

a,fioo 

IJWO 

1 

500 

o 

1 

1 

1 

1 

1 

1 

L 

1 

I 

1 

i 

fe 

I 

i 

1 

1 

1 

1 

1 

1 

1 

Fia.  U.— IHacliBrge  of  Verde  It 
ntR  75 — 02 12 


>T  McDoweU.  Aiis.,  1901. 
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8TKEAM   MEASUREMENTS    IN   1901. 


[  !SO.  Tx. 


SALT  RIVER. 

Estimated  nwntMy  dMcharge  of  Salt  River  at  reservoir  site,  Arizona. 

[Drainage  area,  5Ji)6  square  mileB.] 


Month. 


DiiKharge  in  second-feet. 


Mazi- 
nrnm. 


Mini- 
mum. 


Mean. 


Run-off. 


Total  in  acre- 
feet. 


1901. 
January. 

Febmary  4, 172 

March- 3,468 

April 1,562 

May -. 1,267 

June - .-.'  508 

July I  3,556 


Aug^ist  ... 
September 
October . . . 
November. 
December  . 


The  year 


2,221 
670 
215 
215 
195 


928 
740 
740 
462 
147 
71 
207 
123 
117 
183 
180 


454 

2,414 

1,423 

1,050 

735 

288 

346 

529 

309 

152 

189 

190 


672 


I 


27,945 
134,047 
87, 472 
62,442 
45,203 
17,262 
21,296 
32,504 
17, 907 
9,334 
10,629 
11,663 

477, 704 


Second- 
feet  per 
aqusre 
mile. 


Depth 

in 
inches. 


0.08 
.42 
.25 
.18 
.13 
.05 
.06 
.09 
.a5 
.03 
.03 
.03 


.44 

.'^ 

.15 

.10 
.06 


.11 


NoTK.—  Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Pai^fT 
No.  66,  page  99. 

Estimated  monthly  discharge  of  Tonto  Creek  near  Livingston,  Ariz, 

[Drainage  area,  1,060  square  miles.] 


Discharge  in  second-feet. 


Month. 


Maxi- 
mum. 


April  .. 

May 

June 

July 

August  ... 
September 
October . . . 
November. 
December . 


1901. 


Mini- 
mum. 


40 

43 

9 

959 

279 

8 

2 

3 

9 


l- 

n. 

Mean. 

16 

27 

6 

14 

0 

5 

2 

37 

0 

27 

2 

3 

2 

2 

!  Total  in  acre- 
feet. 


2 
2 


3 
2 


Run-off. 


Second- 

feot  per 

square 

mile. 


D«»pth 

in 
inch*.-* 


1,622 

0.026 

0.U2* 

865 

.014 

.111*? 

201 

.005 

.1*1^ 

2,255 

.036 

.«.»4. 

1,686 

.026 

.*t5 

175 

.003 

.«»  »: 

x28 

.002 

.Oi« 

170 

.003 

.  •>i- 

123 

.002  1 

.•.»t 

Note.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supplj 
No.  66,  page  101. 


P^rnr 


I 
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Estimated  monthly  discharge  of  Salt  River  near  McDowell^  Ariz. 

[Drainage  area,  6,280  square  miles.] 


Month. 


1901. 


January 

February  .. 

March . 

April  1-19  a 

June 

July 

August 

September  . 

October 

November.. 
December  ._ 


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


3,172 
5,100 
3,157 


235 
1,412 

827 


590 


128 


1,130 

205 

710 

121 

191 

118 

209 

155 

189 

157 

582 

2,422 

1,684 

1,005 

284 

ft  152 

ft  369 

192 

143 

189 

182 


Total  in  acre- 
feet. 


35,788 

134,517 

100, 494 

37, 895 

16, 972 

ft  9, 350 

ft  22, 711 

11,420 

8,816 

11,218 

11,185 


Rnn-o£F. 


Second- 
feet  per 
square 
mile. 


0.09 
.39 
.26 
.16 
.05 
ft. 02 
ft. 06 
.03 
.02 
.03 
.03 


Depth 

in 
inches. 


0.10 
.41 
.30 
.11 
.06 
ft. 02 
ft. 07 
.03 
.02 
.03 
.03 


a  No  obeeryations  made  from  April  20  to  June  1 .  f*  Estimated. 

NoTK. — Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Pajier 
No.  06,  page  108. 

GILA  RIVER. 

Estimated  monthly  discharge  of  Oila  River  at  Sa7i  Carlos,  Ariz. 

[Drainage  area,  13,456  square  miles.] 


Month. 


1901. 


January.. 
Febmary 

M»rch 

April   

May  -     . . . 
June      .    . 
July  .- 

August 

September 
October  . 
November 
I>ecember 


Discharge  in  second-feet. 

Run-off. 

1 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Total  in  acre- 
feet. 

Second- 
feet  per 
square 
mile. 

Depth 

in 
inches. 

1,330 

110 

199 

12,236 

0. 0148 

0.0171 

2,080 

450 

1,079 

59, 925 

.0802 

.  0835 

1,070 

155 

446 

27, 423 

.0332 

.  0383 

155 

5 

53 

3,154 

.0039 

.  0044 

8 

5 

5 

307 

.0004 

.  0005 

5 

0 

3 

178 

.0002 

.  0002 

4,200 

0 

368 

22, 627 

.0273 

.0315 

3,050 

10 

536 

32. 957 

.0398 

.  0459 

8,500 

2 

250 

14, 876 

.0186 

.0208 

1,000 

2 

91 

5, 595 

.0068 

.0078 

680 

125 

232 

13, 805 

.0172 

.  0192 

125 

100 
0 

109 

6, 702 
199, 785 

.  0081 
.  0209 

.0093 

8,500 

1 

281 

.  2785 

N'oTC— Oaige  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
2^o.  66,  page  99. 
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STREAM   M£ASUB£M£NTS   IN   1901. 


[>'o.T5. 


'   Fig.  66.— Diflcfiarffe  of  Oi]A  River  at  San  Oarlos,  Ariz.,  1901. 


INTERIOR  BASIN  DRAIKAGE. 


Under  this  head  is  comprised  the  large  extent  of  arid  country  which 
includes  nearly  the  whole  of  Nevada,  tiie  northern  and  western  partes 
of  Utah,  and  small  portions  of  California  and  Idaho.  Having  no 
outlet  to  the  sea,  the  entire  drainage  of  this  vast  basin  is  lost  mainly 
through  evaporation  from  the  numerous  lakes  and  sinks  in  which  the 
waters  of  the  rivera  collect.  During  1901  measurements  were  made  of 
the  streams  draining  into  all  of  the  principal  lakes  of  the  int4?rior 
basin,  with  the  exception  of  Walker  River  draining  into  Walker 
Lake. 

In  the  Great  Salt  Lake  drainage  the  following  rivers  were  measured: 
Bear  River  and  tributaries,  Weber  River,  and  Ogden  River.  In  Utah 
Lake  drainage,  American  Fork,  Provo  River,  and  Spanish  Fork.  In 
Sevier  Lake  drainage,  Sevier  River  and  its  tributaries,  the  San  Pitch 
and  the  Salina. 

Humboldt  River,  draining  into  Humboldt  sink,  was  measured  at 
four  places,  viz,  near  Elko,  near  Golconda,  and  near  Oreana,  on  Ibe 
main  stream,  and  at  Mason's  ranch,  on  the  South  Fork. 

Truckee  River,  flowing  into  Lake  Tahoe  and  thence  into  Pj^raniid 
Lake,  is  measured  at  Tahoe  at  the  outlet  of  the  lake,  at  the  California- 
Nevada  State  line,  and  at  Vista,  Nev.  Steamboat  Creek,  a  tributary 
of  the  Truckee,  is  gaged  at  Steamboat  Springs. 

Carson  River,  the  waters  of  which  disappear  in  Carson  sink,  is 
measured  at  Empire,  Nev.     Its  main  tributaries,  the  East  and  West 
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forks,  are  gaged  near  Gardnerville,  Nev.,  and  at  Woodfords,  Cal., 
re8j)ectively. 

A  number  of  reservoir  sites  were  surveyed  in  the  Truckee  River 
Basin  during  the  season  of  1901.  Descriptions  of  these  sites,  together 
with  estimates  of  cost  of  construction  and  of  the  amount  of  land  to  be 
irrigated,  are  published  in  Water-Supply  Paper  Xo.  68,  entitled  Water 
Storage  in  the  Truckee  River  Basin,  by  L.  11.  Taylor,  under  whose 
tlirection  the  surveys  were  made. 

The  principal  tributary  of  Honey  Lake  is  Susan  River.  Measure- 
ments have  been  made  on  this  stream  during  1901  near  Susanville, 
Cal.,  and  on  Willow  Greek,  a  tributary,  near  Standish,  Cal. 

HUMBOLDT  RIVER. 


Estimated  monthly  discharge  of  Humboldt  River,  near  Elko,  Nev, 

IDndxukge  area,  2,H40  square  miles.] 


Month. 


1901. 


Jantiary.. 
Febmary 


Discharge  in  seoond-f eet. 


Maxi- 
mum. 


70 
2,889 


Mareh i    1,121 


April 

May 

June 

July 

August  ... 
September 
October . . . 
November . 
December . 


374 

822 
594 
123 
48 
18 
22 
10 
10 


The  year 2,339 


Mini- 
mum. 


Mean. 


65 

671 

480 

295 

511 

353 

50 

12 

6 

8 

9 

10 

206 


Total  in  acre- 
feet. 


3,997 

37, 265 

29, 514 

17,553 

31,420 

21.005 

3,074 

738- 

357 

492 

536 

615 

146,566 


Rnn-off. 

Second- 
feet  per 
square 
mile. 

Depth 

in 
inches. 

0. 023 

0.027 

.236 

.246 

.169 

.  195 

.104 

.116 

.180 

.208 

.124 

.138 

.018 

.021 

.004 

.005 

.002 

.002 

.003 

.003 

.003 

.003 

.004 

.  005 

f^n  I 


.072 


.969 


Note.— Gage  heights  and  discharge  measurements  for  19U1  ai'e  given  in  Water-Supply  Paper 
No.  a6,  page  lOi;  rating  table  on  page  174  of  eame  paper. 
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Estimated  monthly  discharge  of  South  Fork  of  Humboldt  River  at  Mason's 

Ranch,  Nev, 
[Drainage  area,  1,150  square  milee.] 


Month. 


Discharge  in  seoond-feet. 


Maxi- 
mum. 


1901. 
Jannary 

Febmary .\    1,478 

March 

April - 

May 

June - - 

July 

August -  - - 

September 

October 

November. 

December 


35 

24 

478 

85 

382 

122 

263 

122 

619 

276 

589 

182 

182 

41 

41 

4 

19 

4 

47 

19 

67 

47 

67 

85 

88 

408 

173 

180 

457 

879 

81 

21 

8 

87 

55 

51 


Rnn-off. 


Total  in  acre- 
feet. 


The  year 1 ,  478 


157 


2,029 

22,659 

10,687 

10,711 

28,100 

22,552 

4,980 

1,291 

476 

2,275 

3,273 

3,186 


Second- 
feet  per 
square 
mile. 


Depth 

in 
inrbf*. 


0.029 
.855 
.150 
.157 
.397 
.380 
.070 
.018 
.007 
.032 
.048 
.044 


0.0:33 
.370 
.173 

.ITr'i 

.4o8 
.368 

,081 
.021 

.a>4 
.ail 


.136       1.859 


NoTK.— Qage  heights  and  discharge  measurements  for  1(K)1  are  giyen  in  Water-Supply  Piai^^ 
Ko.  66,  page  105;  rating  table  on  page  174  of  same  paper. 

Estimated  monthly  discharge  of  Humboldt  River  near  Oolconda,  Nev. 

[Drainage  area,  10,780  square  miles.] 


Month. 


January 
February  . 

March 

April 

May 

June 

July 

August  ... 
September 
October . . . 
November. 
December . 


1901. 


The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


108  I 

1,290  , 

3,080 

558 

521 

416 

139 

24 

5 

6 

46 

52 


8,080 


40 

59 

558 

384 

65 

156 

4 


4 

1 

0.5 

5 

8 


0.5 


65 

323 

1,501 

428 

382 

276 

48 

12 

2 

4 

9 

81 


256 


Total  in  acre- 
feet. 


Rnn-off. 


Second- 
feet  per 
square 
mile. 


Depth 
in 

inohv«%. 


3,9^7 

17, 939 

92,298 

25,170 

28,488 

16,423 

2,951 

788 

119 

246 

536 

1,906 


185,806 


0.0060 
.0300 
.1392 
.0393 
.0354 
.0256 
.0045 
.0011 
.0002 
.0004 
.0008 
.0029 


0.00^9 
.  {m2 

.04;r 

.04<f^ 

.  0IV>2 

.04)13 

.003:5 


.0288 


.32dO 


NoTB.->Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply 
Ko.  66,  page  106;  rating  table  on  page  175  of  same  paper. 


'.'-]  INTERIOR   BABIN.  DRAINAGE. 

Entimated  monthly  dinchargc  of  Humboldt  Rii'tr  near  Oreana,  Nfv. 
JDrklDsge  area.  l».fO)  sqiure  milas.] 


1901.  , 

January.- 2 

Pebmary 4 

March __ 3.6 

April e 

May a 

July 

An^ost 


Octolier 

November. . 
December  . . 


Theyear 3,816 


13,839  ! 
81,041  I 
34,939  , 
19,493  { 
7,914 
«,641  j 
S,S9e  ' 
1,012 
S.Wl 


n  In  W»ter-f)uiipl7  Paper 


8w..(t.      J**;.    TIC 


i 


■ 


iUilii 


Pio.  ST.— DlKliM-e«  ot  Bnnboldt  B] 


IT  DMr  Otmiu,  KeT.,  IWl. 
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STRKAM   MKA8UREMENT8   IN   IMl. 


[so.Tx 


TRUCKEB  RIVER. 

Kntimated  monthly  discharge  of  T^ruckee  River  at  Tdhoe,  Col, 

[Drminage  area,  519  square  mikB.] 


Month. 


1901. 
January 

February    

March 

April 

May 

June 

July 

August 

September  _   .. 

October 

November 

December 

The  year 


Discharge  in  aeoond-feet. 


mm. 


117 

117 

80 

30 

0 

178 

293 

5^ 

390 

808 

293 

189 


555 


Mini-     I 
mom. 


100 


0 


85 
30 
80 

0 

0 

0 

156  ; 

293 
117 
251 

189  i 


Mean. 


Run-off- 


Total  in  arre-    o^,^^y^A 

1^  i-^- 


102 

81 

30 
9 
0  ' 

30  j 
225  , 
419 
326 
282 
247 
111 


155 


6,262 

4,502 

1,845 

565 

0 

1,765 

13,809 

25,760 

19,395 

17,808 

14, 678 

6,841 


0.196 
.156 
.058 
.018  I 
.000  I 
.058  > 
.433 
.803 
.628 
.542 
.475 
.214 


0.236 
.16S 
,067 
.030 

.000 

.ou 

.499 
.931 
.71)1 
.6^ 
.530 
.247 


112,730         .299  '    4.07:J 


Note.— Oage  heights  and  discharge  measurements  for  ISiOl  are  given  in  Water-Sapply  Paper 
No.  W,  page  111;  rating  table  on  page  175  of  same  paper. 
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INTERIOB   BASIN    DRAINAGE. 
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Estimated  monthly  discharge  of  Truckee  River  at  Nevada-California  State  line, 

[Drainage  area,  965  square  mjles.] 


Month. 


1901. 
January 

February 

March |    2, 

April _ 

'M&y  -  _ 

June - 

July 

Angnst - _ 

September 

October 

November 

December 


The  vear 


Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Bun-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Second- 
feet  per 
square 
mile. 

Depth 

in 
inches. 

559 

230 

314 

19,308 

0.329 

0.379 

3,  isn 

247 

1,082 

60,092 

1.133 

1.176 

2,280 

732 

1,280 

78, 708 

1.340 

1.544 

2,505 

613 

1,476 

.     87, 829 

1.545 

1.728 

4,370 

1,508 

2,478 

152, 370 

2.595 

2.992 

2, 505 

989 

1,595 

94,910 

1.670 

1.862 

1,194 

421 

686 

42, 181 

.718 

.828 

795 

349 

486 

29,884 

.509 

.588 

559 

247 

472 

28, 086 

.494 

.  552 

559 

247 

470 

28,900 

.492 

.566 

613 

383 

469 

27, 908 

.491 

.549 

1,194 

247 

445 

27,347 

.466 
.982 

.536 

4,370 

230 

938 

677, 521 

13.300 

Note.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  66,  page  112;  rating  table  on  page  175  of  same  paper. 

Estimated  monthly  discharge  of  Steamboat  Creek  at  Steamboat  Springs,  Nev, 

[Drainage  area,  123  square  miles.] 


Month. 


Jannary.. 
February 
.March  . . . 
April 

Miay 

J'nne 


1901. 


Dis(;harge  in  second-feet. 


Maxi- 
mum. 


56.0 
72.0 
20.5 
11.5 
29.5 
39.0 


Mini- 
mum. 


3.0 
3.0 
5.0 
3.0 
11.5 
17.0 


Mean. 


7.6 
15.6 
10.8 

7.7 
21.4 
29.6 


Total  in  acre- 
feet. 


Run-off. 


Second- 
feet  i)er 
square 
mile. 


Depth 

in 
inches. 


467 
866 
664 
458 
1,316 
1,761  ! 


0.061  I 
.126  I 

.087 ; 

.062  I 
.174  i 
.240  I 


0.071 
.132 
.101 
.069 
.200 
.268 


l^oTE.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Sui)ply  Paper 
I^o.  06,  page  114;  rating  table  on  page  176  of  same  paper. 


STREAM   MEA8UREMKNTS   IS    1901. 

Eatimated  monthly  dinchargf  nf  TYiirkee  RivfT  at  Vtxta,  Nev. 
(Draliuge  area.  1,519  nqiiare  oillea.) 


January 
Febmary 
March  . 
April  ..     . 

May 

June. 

July 

ATignet  --- 


October .. 

November.- 
December . . 


1.387 
4.213  I 


«o 

dd-reet. 

Total  In  «^r«- 

,^^. 

Mein. 

W 

Dejrth 

H 

661 

40,644 

0.435 

O.-^rJ 

8 
8 

1,486 
1.328 

83,539 
81, 6.57 

.978 

.874 

l.tllfl 

1,380 

82,117 

.908 

1.014 

0 

2,145 

131.894 

1.413 

1.6iS 

4 

1,363 

75,155 

.831 

.»i^ 

B 

425 

26,133 

.380 

.333 

s       m^ 

19,369 

.207 

.■*?7 

329 

19.  .IT? 

.217 

.2t> 

n           4TT 

39,330 

.314 

.363 

557 

»,,« 

.867 

.4<» 

re  given  la  Water-Sapply  T^^t 


Tut.  te.— DlHliMge  ol  Trookee  Biver  at  Ylttk,  lT«v.,  UOL 


NEWKI.r^.] 
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CARSON  RIVER. 

Estimated  montfUy  discharge  of  East  Fork  of  Carson  River  near  Oardnerville,  Nev. 

[Drainasre  area,  981  nquare  miles.] 


Discharge  in  seoond-feet. 


Month. 


Maxi- 
mnm. 


1900. 


October . . 
November 
December . 


Mini- 
mum. 


Mean. 


75 
35 


30 
30 


1901. 

Jannary !  86 

February..       |  2,267  1 

March .J  927 

April 927 

May  --  - -.         .'  3,162 


June  _ 

July 

Aiigost  . . 
September 
October . . . 
November 
December  _ 


2,008 
1,512 
626 
220 
271 
332  I 
1,213  f 


The  year 


38 
41 
34 


14 

34 

14 

664 

219 

464 

261 

582 

a56 

1,822 

1,141 

1,492 

313 

741 

85 

259 

85 

139 

102 

137 

122 

196 

134 

280 

Run-oif. 

Total  in  acre- 
feet. 

Second- 
feet  per 
square 
mile. 

0.100 

Depth 

In 
inches. 

2,337 

«0.058 

2,440 

.108 

.120 

2,091 

.089 

.103 

2,091 

.089 

.103 

36, 877 

1.743 

1.815 

28,531 

1.218 

1.256 

34, 632 

1.527 

1.704 

112,083 

4.782 

5.513 

88,780 

3.916 

4.869 

45, 562 

1.945 

2.242 

16,026 

.680 

.789 

8,271 

.365 

.407 

8,424 

.360 

.415 

11,663 

.514 

.574 

17,217 


.  735 


410,107  ,     1.490 


.847 


20.084 


a  Partial  month. 

Note. — Ga{?e  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Pai)er 
No.  66,  page  108;  rating  table  on  page  176  of  same  pajwr. 
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STREAM    MEASUREMENTS   IN    1901. 


[no.  To. 


Estimated  monthly  discharge  of  West  Fork  of  Carson  Rirer  at  Woodfords^  CcU. 

[Drainaere  ar««,  70  Hqimre  miles.] 


Month. 


1900. 
October  18-31 
November 
December . 


Jannary 
February  . 
March  . 
April      .    . 
May  . 

June .    .     . 

July 

August  . . . 
September 
October . 
November. 
December  . 


1901. 


The  year 


Discharge  in  second-feet. 


Run-off. 


Maxi- 

mnm. 


Mini- 
mum. 


Mean. 


Tot^  in  acre- 
feet. 


Seoond- 

feetper 

square 

mile. 


66 

256 

256 

412 

896 

396 

187 

166 

50 

60 

60 

112 


896 


41 

41 

121 

121 

295 

187 

97 

50 

41 

41 

50 

60 

41 


Df'pth 

in 
inchet^. 


51 

HI 

170 

234 

476 

289 

136 

77 

43 

49 

56 

82 


148 


0.33 

•     It 

.87 


3,136 

.73 

.84 

6,165 

1.59 

l.CCj 

10,453 

2.43 

2.N1 

13,924 

3.34  ' 

3. 78 

29,268 

6.80 

7.M 

17,197 

4.13 

4.61 

8,363 

1.94 

2.24 

4,735 

1.10 

1.27 

2,559 

.61 

.69 

3, 013 

.70 

.SI 

3.332 

.80 

.S9 

5,042 

1.17 

1.35 

107, 187 

2.11 

28.  :•:? 

Note.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paiier 
No.  06,  page  109;  rating  table  on  itage  175  of  same  paper. 


INTERIOR    BASIN    DRAINAUK. 


•itlhly  discharge  of  Carxon  Rivrr 
%.  UH8  square  miles.) 


01  are  given  In  Water^Snpply  Paper 


«.-rt. 

•tf'Pi 

^ 

%     lo' 0 

foio 

lo' 

ato 

'n'AI 

\i 

1 

J 

i 

II 

J 

1 

0 

1 

i 

k 

k 

A 

■ 

■ 

1 

1 

I 

1 

1 

II 

Fia.  69.— Dlschai^  of  CarHon  RiTe 


it  Empire.  Xer..  1901. ' 
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STREAM   MEA8UBEMEWTS   IN   1991. 


[no.  75. 


SUSAN  RIVER. 

Estimated  monthly  discharge  of  Susan  River  near  Stusanville,  Cal. 

[Drainage  area,  210  square  miles.] 


DiBcharge  in  second-feet. 


Mini- 
mum. 


June 

August  .- 

September 

October 

November 

December 

1901. 
January 

February '  1,070 

March 770 

April 730 

May 590 

June 156 

July 24 

August  - 13 

September 9 

October ... 16 

November  101 

December 470 


36 

36 

197 

134 

168 

15 

9 

5 

4 

7 

10 

11 


The  year- !     1,070 


Mean. 


4 


31 
13 

11 
11 
17 
47 
60 


140 


Total  in  acre- 
feet. 


43 
308 
363 
371 
420 

56 

18 

10 
6 

10  ^ 

19 : 

61  i 


1,669 

799 

676 

655 

1,045 

2,797 

3,689 

2,644 

17,105 

22, 320 

22, 076 

25,825 

3,332 

1,107 

615 

369 

615 

1,131 

1,783 


98,922 


Bun-off. 


Second-  !  -rw.^^. 
feet  per     ^P**^ 
square 


mile. 


0.15 
.06 
.05 
.05 
.08 
.22 
.29 

.20 
1.47 
1.73 
1.77 
2.00 


*>7 


.09 
.05 
.03 
.05 
.09 
.29 


m 
inches. 


67 


0.15 
.07 
.06 
.06 
.09 
.25 
.33 

.23 
1.5:^ 
1.99 
1.97 
2,:» 

.m 

.10 
.06 
.03 
.06 
.10 

.m 

9.01 


Note.— Qage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Sapply  Paper 
No.  66,  page  116;  rating  table  on  page  175  of  same  paper. 


INTERIUR   BASIN    DRAINAUE. 
BEAR  RIVER. 
tnihly  discharge  of  Bear  River  at  Battkereek,  Idaho. 


[Dminage  fu-e«.  i 


»  aqn&re  milea.) 


1001. 

January. _    533 

Febrnary 1,650 

March '  1,660  ' 

April  I  2,568  ' 

May - I  2.925  ' 

June-- -  -  J  2,415  | 

July _I  704 

AugOflt 434 

September _ 474 

October I  57B 

November 578 

December I  704  j 

The  year 2, 92.^  i 


Mini- 

Mo 

497 

497 

1.070 

1, 

1.070 

1. 

3,466 

2, 

787 

1. 

400 

400 

400 

474 

407 

■S3S."  "S... 


«  givea  In  Water-Supply  Paper 


Fia.  ao.— Discbu^e  of  Beu  Blver  -t  Bnttlecreek,  Idaho.  1101. 
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8TBEAM   MEASUBEMENT8  IN    1901. 


[X0.75. 


Estimated  monthly  discharge  of  Logan  River  near  Logan,  Utah. 

[Drainage  area,  218  square  milee.] 


Month. 


Diachargo  in  second-feet. 


Maxi- 
mum. 


January 
February  . 

March 

April 

May 

June 

July  9-31.. 
August  --. 
September 
October . . . 


1901. 


Mini- 
mum. 


Mean. 


Total  in  acre- 
feet. 


Bun-ofP. 


Second-     tv«>*i. 
feet  per     ^**» 


m 


^e':^  i-b- 


167 
167 
167 
450 
1,440 
850 


143 
150 
150 
150 
422 
511 


258 
227 
213 


213 

188 


159 
155 
156 
236 
901 
667 
289 
240 
213 
197 


9,777 
8,608 
9,592 
14,043 
55,400 
39,689 
13,184 
14, 757 
12, 674 
12,113 


0.73 


71 


72 


1.08 
4.13 
3.06 
1.33 
1.10 
.98 
.90 


0.84 
.74 
.83 
1.20 
4.76 
3.53 
1.13 
1.27 
1.09 
1.04 


NoTB. — Qage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  66;  rating  table  on  page  176  of  same  pax>er. 

Estimated  monthly  discharge  of  Blacksmith  Fork  at  Hyrum^  Utah. 

[Drainage  area,  286  square  miles.] 


Month. 


January... 
February 

March 

April 

May 

June . 

July 

Aufifust  ... 
September 
October . . 
November 
December  . 


1901. 


The  year 


Dischai 

'ge  in  seco 

Mini- 
mum. 

108 

nd-feet. 
Moan. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
mum. 

Second- 
feet  per 
square 
mile. 

0.40 

Depth 
in 

'  inches. 

1 

1 

124 

115 

7,071 

0.46 

128 

108 

113 

6,276 

.40 

.42 

147 

112 

119 

7,317 

.42 

.48 

147 

112 

132 

7,855 

.46 

.51 

514 

112 

187 

11,498 

.65 

.75 

347 

147 

187 

11,127 

.65 

.73 

147 

128 

133 

8,178 

.47 

.54 

147 

128 

134 

8,239 

.47 

.TA 

128 

120 

122 

7,261 

.43 

.4M 

293 

120 

131 

8,056 

.46 

.53 

120 

120 

120 

7,141 

.42 

.47 

120 

112 

119 
134 

7,317 

.42 
.47 

.48 

514 

108 

97,336 

1 

6.39 

Note.— Qage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  P^per 
No.  66,  page  110;  rating  table  on  page  176  of  same  paper. 


NEWELL.] 
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Estimated  vionthly  discharge  of  Be^r  River  near  Collinston,  Utah, 

[Drainage  area,  6,000  square  miles.] 


Discharge  in  second-feet. 


Run-off. 


Month. 


Maxi- 
mum. 


1901.  I 

January i  1, 550 

February '  2,880 

March. '  2,880 

April     ._ '  3,575 

Itfay i  4,950 

June _ 1  3,640 


Mini- 
mum. 


July 

August  ... 
September 
October . . . 
November. 
December . 


The  year 


987 

717 

915 

1,105 

1,232 

1,405 


4,950 


915 

1,105 

1,700 

1,700 

3,575 

1,025 

415 

415 

635 

880 

1,025 

1,025 


Mean. 


I  Total  in  Acre- 
I  feet. 


1,239 

1,555 

2,032 

2,399 

4,469 

2,029 

686 

574 

724 

1,006 

1,144 

1,197 


Second- 
feet  per 
square 
mile. 


76,188 

86,354 

124,943 

142, 750 

274, 788 

120, 734 

42,180 

35, 294 

43,081 

61,857 

68, 073 

73,600 


415  I     1,588       1,149,837 


0.21 
.26 

-.34 
.40 
.74 
.84 
.11 
.10 
.12 
.17 
.19 
.20 


Depth 

in 
inches. 


0.24 
.27 
.39 
.45 
.85 
.88 
.13 
.12 
.18 
.20 
.21 
.28 


.27  !      3.60 


Note.— Qage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Pap  e 
No,  66,  page  120;  rating  table  on  page  176  of  same  paper. 

WEBER  RIVER. 

Estimated  monthly  discharge  of  Weber  River  near  Uinta,  Utah. 

[Drainage  area,  1,600  square  miles.] 


Month. 


1901. 


January . . . 
February  . 

March 

April 

May 

June 

July 

August  --. 
September 
October . . . 


Diflchar 

>ge  in  secoi 

Mini- 
mum. 

nd-feet. 
Mean. 

Total  in  acre- 
feet. 

Bun- 

Second- 
feet  per 
square 
mile. 

off. 

Maxi- 
mum. 

Depth 

in 
inches. 

263 

268 

263 

15, 171 

0.16 

0.18 

1,655 

263 

681 

37,821 

.43 

.45 

1,865 

500 

707 

43,472 

.44 

.51 

1,970 

500 

948 

56, 410 

.59 

.66 

2,425 

1,235 

1,981 

121,807 

1.24 

1.43 

1 

1,235 

440 

712 

42, 367 

.45 

.50 

380 

110 

207 

12, 728 

.13 

1        .15 

320 

110 

200 

12, 297 

.13 

1 

1        .15 

1 

210 

210 

210 

12, 496 

1        .13 

.15 

320 

263 

272 

16, 725 

,        .17 

1 

.20 

1 

Note.— Oage  heights  and  discharge  measurements  for  1901  are  given  in  Water -Supply  Paper 
No.  66,  page  122;  rating  table  on  page  176  of  same  paper. 
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STREAM   MEASUBEMENTS   IK    1901. 


[iro.7au 


UTAH  LAKE  DRAINAGE. 

Estimated  monthly  discharge  of  Spanish  Fork  near  Mapleton,  Utah, 

[Drmina^  area,  870  square  milee.] 


Mon^. 


1900. 
June *-.. 

July 

August 

September 

October _ . 

November  _  . . 

December 

1901. 
January 

February 

March 

April 

May 

June 

July   

August 

September 

.October 

November 


Discharge  in  aecond^f eet. 


Maxi- 
muxn. 


188 
75 
54 
86 
75 
86 
86 


200 
872 
141 
224 
385 
188 

86 
164 

86 
119 

97 


Mhii- 
muin. 


75 
54 
45 
54 
54 
54 
36 


15 
15 
75 
86 
176 
86 
64 
64 
75 
75 
75 


Mean. 


132 
56 
53 
61 
63 
74 
58 


41 

91 

97 

131 

271 

133 

77 

99 

75 

82 

82 


Total  in  acre- 
feet. 


7,855 
3,443 
3, 259 
3,630 
3,874 
4,403 
8,566 


2,521 
5,054 
5,964 
7,795 
16,663 
7,914 
4,735 
6,087 
4,463 
5,042 
4,879 


Run-off. 


0.20 

0.22 

.08 

.09 

.08 

.09 

.09 

.10 

.09 

.10 

.11 

.12 

.09 

.10 

HA 

on 

14 
14 
20  , 
40 

I 

20 
10 
15 
10 
12 
12 


15 
16 

46 
22 
12 
17 
11 
14 
13 


Note.— Gage  heights  and  discharge  measnrementB  for  lj901  are  given  in  Water-Snpply  Paper 
No.  66,  page  128;  rating  table  on  page  176  of  same  pajier. 
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195 


Estimated  monthly  discharge  of  Provo  River  near  Provo^  Utah. 

[Drainage  area,  640  square  miles.] 


Month. 


1901. 
January  

February 

March _ . . 

April 

May 

Jtme  - -  -  - 

July 

August 

September 

October 

November  1-16 


Discharge  in  second-feet. 


Maxi- 

mnm. 


358 

1,658 
411 
788 

3,093 
875 
340 
340 
340 
303 
379 


Mini- 

TDDTO. 


379 
358 
803 
303 
587 
334 
334 
334 
340 
340 
379 


Mean. 


314 
471 
333 
393 
1,181 
899 
339 
338 
340 
357 
379 


Total  in  acre- 
feet. 


19,307 
36,158 
30, 475 
33,336 
73,617 
33,743 
14,696 
14,634 
14,381 
15,803 
8,854 


Bnn-oif. 

Second- 
feet  i)er 
square 
mile. 

Depth 

ih 
inches. 

0.49 

0.56 

.74 

.77 

.53 

.60 

.61 

.68 

1.85 

3.18 

.63 

.69 

.87 

.43 

.37 

.43 

.38 

.43 

.40 

.46 

.44 

.36 

KoTE.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  06,  page  128;  rating  table  on  page  176  of  same  paper. 

Estimated  monthly  discharge  of  American  Fork  near  American  Fork,  Utah, 

[Drainage  area,  66  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi- 
mum. 


1900. 


June 

jTily 

August  ... 
September 
October . . . 
November. 
December . 


1901. 


January 

February  .. 

March 

April  10-30. 
May  1-18. . . 


313 
67 
37 
43 
34 
34 
84 

34 
43 
43 


Mini- 
mum. 


Mean. 


54 
34 
33 
33 
37 
37 
37 

34 
37 
34 


111 
45 
36 
36 
30 
39 
33 

34 

36 

36 

135 

583 


Total  in  acre- 
feet. 


6,016 
3,767 
1,599 

1,547 
1,845 
1,736 
3,039 

3,091 
1,999 
3,313 
5,306 
30,779 


Bun-off. 


Second- 
feet  ];>er 
square 
mile. 


1.68 
.68 
.39 
.39 
.45 
.44 
.50 

.53 
.55 
.55 

1.89 
8.83 


Depth 

in 
Inches. 


1.87 
.78 
.45 
.44 
.53 
.49 
.58 

.60 

.57 

.59 

1.48 

5.90 


NoTK.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
Ko.  66,  page  124;  rating  table  on  imge  176  of  same  paper. 
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SEVIER  RIVER. 

Estimated  monthly  discharge  of  Salina  Creek  near  Salina,  Utah, 

[Drainage  area,  266  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi- 
mtun. 


January . . 
February. 
March  . . . 
April 


1900. 


Mini- 
mum. 


Mean. 


15.0  , 
15.0  I 
13.5 
15.0 


19.6 
19.4 
14.6 
22.9 


Run-off. 


Total  in  acre- 
feet. 


1,205 

1,088 

898 

1,363 


Second - 

feet  per 

square 

mile. 


Depth 

in 
inches. 


0.077 
.076 
.057 
.090 


0.089 
.079 
.066 
.100 


Note.— Oage  heights  for  1901  are  given  in  Water-Supply  Paper  No.  66,  page  125. 


Estimated  monthly  discharge  of  San  Pitch  River  near  Gunnison^  Utah, 

[Drainage  area,  886  square  miles.] 


Month. 


Discharge  In  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


January. 
February  . 

]^arch 

April  7-30. 

May 

June 

July 

August  --- 
September 
October  . . . 
November . 
December . 


1901. 


15 
37 
21 


125 
95 
71 
25 
15 
19 
14 
13 


The  year 


125 


9 
9 
9 


51 
65 
15 
15 
10 
14 
10 
12 


9 


Mean. 


Total  in  acre- 
feet. 


12 
16 
13 
35 
92 
77 
45 
18 
14 
14 
13 
12 


30 


Run-off. 


Second- 
feet  i>er 
square 
mile. 


Depth 

in 
inches. 


738 

889 

774 

2,088 

5,657 

4,582 

2.767 

1.107 

833 

861 

774 

738 


0.014  . 
.019 
.016 
.042  ! 
.110  ! 
.092  . 
.054  ' 
.022 
.017 
.017 
.016 
.014 


0.016 
.0^ 
.018 
.047 
.127 
.108 
.062 
.025 
.019 
.020 
.018 
.016 


21,803         .036         .491 


Note.— Oage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Rsper 
No.  06,  page  125;  rating  table  on  iwtge  176  of  same  paper. 


NEWELL.] 


COLUMBIA    RIVER   DRAINAGE. 


197 


Estimated  monthly  discharge  of  Sevier  River  near  Qunnison,  Utah, 

[Drainafre  area,  8,966  square  miles.] 


Month. 


Diiicharsre  in  second-feet. 


Mazi- 
niiun. 


Mini- 
mom. 


January 
February  . 
Itfarch  -..: 

April 

May 

June 

July 

August  ... 
September 
October . . . 
November. 
December. 


1901. 


The  year 


164  j 
81, 
74  I 

289 

129  I 

21  I 

I 

59  ; 

17 

12 

41 

154 

239 


94 

29 

19 

51 

8 

5 

14 

9 


Mean. 

Total  in  acre- 
feet. 

118 

7,255 

125 

6,942 

56 

3,443 

45 

2,678 

122 

7,501 

Rnn-o£f. 


Seoond- 

f  eet  per 

square 

mile. 


41 

9 

24 

12 


2,440 
553 
1,476 

714 


7 

8 

476 

17 

34 

2,023 

41 

81 

4,980 

5 

56 

40,481 

I 


0.029 
.031 
.014 
.011 
.031 
.010 
.002 
.006 
.003 
.002 
.009 
.020 

.014 


Depth 

in 
Inches. 


0.038 
.032 
.016 
.012 
.036 
.011 
.002 
.006 
.003 
.002 
.009 
.023 


.185 


Note.— (Hge  heights  and  discharge  measurements  for  IfiOl  are  griven  in  Water-Supply  Paper 
No.  66,  page  126;  rating  table  on  iMige  176  of  same  pajier. 

COLUMBIA  RIVER  DRAINAGE. 

Next  to  the  Colorado,  Columbia  River  is  the  largest  river  in  the 
arid  region,  its  drainage  basin  including  parts  of  Washington,  Oregon, 
Idaho,  and  Montana  and  a  large  area  in  Canada.  The  Columbia  and 
its  numerous  tributaries  are  of  great  importance,  offering  good  sites 
for  water-power  development  and  an  abundance  of  water  for  irriga- 
tion, while  the  main  river  is  navigable  for  a  considerable  distance. 
But  little  has  been  accomplished  at  the  present  time  in  developing 
either  of  these  resources. 

In  the  following  pages  is  published  a  report  on  the  irrigation  devel- 
opment in  the  valley  of  Snake  River,  the  most  important  tributary  of 
the  Columbia,  by  D.  W.  Ross,  State  engineer  of  Idaho. 

During  1901  gaging  stations  were  maintained  on  the  following  trib- 
utaries of  the  Columbia :  On  Missoula,  Blackf oot,  and  Bitterroot  rivers 
near  Missoula,  Mont. ;  on  Snake  River  at  Montgomery  Ferry,  near 
Minidoka,  Idaho;  on  Boise  River,  near  Boise,  Idaho;  on  Weiser 
River  near  Weiser,  Idaho;  on  Spokane  River  at  Spokane,  Wash. ;  on 
Naehes  River  near  North  Yakima,  Wash. ;  on  Yakima  River  at 
Union  Gap  and  at  Kiona,  Wash. ;  on  Palouse  River,  near  Hooper, 
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Wash. ;  and  on  Umatilla  River  at  Gibbon,  Greg.,  the  results  of  meas- 
ureuients  of  which  are  given  in  the  following  pages. 


MISSOULA  RIVER. 


Estimated  monthly  diacharge  of  Blackfoot  River  near  Bonner^  Mont. 

[Drainage  area,  2,466  square  milee.] 


Month. 


January  . 
February 
March  . . . 

April 

May 

June 


1901. 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum.. 

Mean. 

1,060 

550 

673 

1,310 

450 

580 

3,988 

550 

1,017 

2,950 

585 

1,186 

12, 302 

3,899 

8,552 

7,676 

2,650 

3,698 

Bun-off. 


Total  in  acre 
feet. 


Second- 

feet  per 

square 

mile. 


Depth 

in 
inches. 


41,381 
32,212 
62,538 
70,572 
525,842 
220,046 


0.27 

.24 

.41 

.48 

3.47 

1.50 


0.31 


.25 


.47 

.M 

AM 

1.67 


Note.— Qage  heights  and  dischai^re  measurements  for  1901  are  given  in  Water^applj-  Paper 
No.  06,  page  190;  rating  table  on  page  177  of  same  paper. 

Estimated  monthly  discharge  of  Missoula  River  at  Missoula^  Mofit. 

[Drainage  area,  5,000  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


1901. 
March 

April  1-10, 13-30.... 

May 20,200 

June 14,450 

July 4,650 


August 

September  

October . 

November 

December  1-10 


1,625 
1,625 
1,625 
1,625  ' 


7,300 
5,150 
1,690 
980 
980 
1,430 
1,365 


Mean. 


Total  in  acre- 
feet. 


Ban-off. 


Second- 
feet  per 
square 
mile. 


Depth 

in 
incbea. 


2,090 
2,601 
15,156 
7,458 
2,815 
1,300 
1,415 
1,472 
1,478 
1,413 


128,509 

154, 770 

931,906 

443,782 

173, 026 

79,933 

84,198 

90,510 

87,947 

27,794 


0.85 
.44 
2.54 
1.25 
.47 
.22 
.24 
.25 
.25 
.24 


0.40 

.47 

2.93 

1.39 

M 


35 


•'7 


.2J 

.38 
.09 


Note.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply 
No.  66,  page  181;  rating  table  on  page  177  of  same  paper. 
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Fio.  ei.— DischarKe  of  HleinnlA  Blver  M  Mtoeanld,  UoDt.  1901. 

Estimated  monthly  dUcharge  of  Billerrool  River  at  MtMOiita,  Mont. 

[Dnkimtge  ares,  aSN  nqnare  miles.] 


INscharge  In  second-fmt. 


3.  730 


1901. 

January 

Febmary  

March  ..- _  _. 

April  (twenty-one  days) 

May  

June - j  1 1 ,  700 

July  3,aw 

Angnat 1.200 

September 1.320 

October !    1,250 

November 1.175 


Mom. 

Total  in  acre- 
feet. 

Secood- 

feetper 

inches. 

i.sao 

83,628 

0.43 

0.49 

1,401 

77,808 

48 

45 

1,691 

103. B76 

53 

60 

1.866 

81,425 

57 

51 

11.025 

67.790 

8 

38 

8 

90 

5,030 

398.711 

I 

54 

1 

73 

3,667 

163,980 

83 

05 

995 

61.180 

81 

86 

1.180 

67,507 

&5 

89 

1.157 

71, 141 

86 

42 

1.149 

68,370 

85 

89 

01  are  Klren  In  Wator-Sapplj  Paper 
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SPOKANE  RIVER. 

Bitinuxted  monthlp  disehnrgf  of  Spokane  Jii'i-w  at  Spokatv,  IfosA. 

rl>ndDaKe  arem  4.oar>»iakre  mites.] 


ire  gJTBn  In  WBter-Snpplr  P»P^ 


FiO.  BZ.— DbtchnrKo  of  Spokaaa  Rive 


>t  Spokane,  Wwh.,  UOL 


NEWKLX..] 
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SNAKE   RIVER. 

Estimated  monthly  discharge  of  Boise  River  near  Boise,  Idaho. 

[Drainage  area,  2,450  square  miles.] 


Month. 


Diacbai^e  in  aecond-feet. 


Maxi- 
mum. 


1901.  , 

January _ 1,480  | 

February 4,380  ' 

March .._  4,604  | 

April J  8,636  i 

May I  12,668 

June 7, 740  , 

Jnly  _. '  2,880  ' 

Augnat 1,060  | 

September 990  i 

October 1,095  ] 

November.. '  1,200  i 


December 


The  year 


2,180 


Mini- 
mum. 


1,130 

1,095 

2,180 

2,070 

7,516 

2,720 

1,060 

740 

770 

860 

860 

830 


Mean. 


1,280 

1,756 

2,892 

5,056 

10,106 

4,789 

1,878 

846 

833 

910 

933 

1,233 


Bun-off. 


Total  in  acre- 
feet. 


Second- 

feet  per 

square 

mile. 


Depth 

in 
inches. 


78, 704 

97,523 

177,822 

300,853 

621,394 

284,965 

115,474 

52, 141 

49, 567 

55, 954 

55,517 

75,814 


0.52 

.72 

1.18 

2.06 

4.13 

1.95 

.77 

.35 

.34 

.37 

.38 

.50 


12,668 


740  I     2,708       1,965,728 


.11 


0.60 

.75 

1.36 

2.30 

4.76 

2.18 

.89 

.40 

.38 

.43 

.42 

.58 


15.05 


NoTX.— Gkkge  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Pai)er 
No.  68,  page  128;  rating  table  on  page  176  of  same  paper. 

Estimated  mx)nthly  discharge  of  Weiser  River  near  Weiser,  Idaho, 

[Drainage  area,  1,670  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi- 
mum. 


1901. 

January 3,800 

February 7,137 

March 6,230 

April ,_ ..-!  3,530 

May ]  5,150 

June I  2,585 


July 

August 

September 
October  . . 
H'ovember . 
I>ecember  . 


Theyear 7,137 


585 
215 
87 
137 
330 
1,330 


Mini- 
mum. 


Mean. 


375 

470 

1,425 

1,330 

2,585 

585 

250 

39 

47 

96 

137 

250 


945 

1,921 

2,964 

2,523 

3,935 

1,304 

363 

67 

71 

115 

191 

525 


Run-off. 


Total  in  acre- 1  Second- 
feet,  feet  per 
square 
mile. 


58,106 

106, 678 

182, 249 

150, 129 

241,958 

77,593 

22,320 

4,120 

4, 225 

70, 712 

11,365 

32,281 


39  '     1,244 


961,736 


0.57 

1.15 

1.77 

1.51 

2.36 

.78 

.22 

.04 

.04 

.07 

.11 

.31 


Depth 

in 
inches. 


0.66 

1.20 

2.04 

1.68 

2.73 

.87 

.25 

.05 

.04 

.08 

.12 

.36 


.74 


10.08 


KoTB.— (}age  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
l7o.  66,  page  129;  rating  table  on  page  17l>  of  same  paper. 
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YAKIMA   RIVER. 

Estimated  monthly  discharge  of  NacMs  River  near  North  Yakima,  WojA. 

[Drainage  area,  1,000  square  mUefl.] 


Month. 


1901. 


Diflcharge  in  second-feet. 


Maxl- 
nram. 


4.080 


Jannary 

February ,  4,600 

March j  9.100 

April .-..;  2.780 


May 

June 

Jnly 

Angust  -_- 
September 
October  _ . . 
November 
December . 


The  year 


8,800 
6,700 
2,780 
1,090 
470 
430 
6,400 
4,030 

9,100 


Mini- 
mum. 


910 

830 

1,690 

1,550 

3,250 

2,570 

1,090 

430 

390 

370 

430 

750 

370 


Mean. 


1,559 

1,621 

3.427 

2,199 

5, 628 

4,026 

1,937 

683 

405 

380 

1,101 

1.600 

2,047 


Bun-off. 


I. 


Total  in  acre- 
feet. 


Second- 
feet  per 
square 
mile. 


Depth 

in 
inche«»- 


95,859 

90,026 

210, 718 

180,850 

346,052 

289,564 

119, 101 

41,996 

24,099 

23.365 

65, 514 

98,380 


1,485,524 


1.56 
1.62 
3.48 
2.20 
5.63 

4.  as 

1.94 
.68 

.41 

.88 

1.10 

1.60 


l.sii 
1.69 
3. 96 
2.46 
6.49 
4.51) 

2.24 

.7M 

.46 
.44 

1.2;? 

I..«t4 


27.?<9 


NoTK.— Oage  heights  and  discharife  measurements  for  1901  are  given  in  Water-Supply  Pap^r 
No.  06,  page  134;  rating  table  on  page  177  of  same  paper. 

Estimated  monthly  discharge  of  Yakima  River  at  Union  Gap,  Wash, 

[Drainage  area,  8,300  square  miles.] 


Month. 


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


1901. 
January 8,650 

February '  10,750 

March ...  |  20,900 

April '    6,300 

May .    18,100 

June 13,200 

July 6, 300 

August '     2, 425 

September . 1 ,  250 

October J     1,050 

November . . !    5. 100 

Decemljer,.. |  12,500 

The  year 20,900 


2,600 
1 ,  950 
4,250 
4,000 
6,900 
6,300 
2,600 
1,050 
850 


'^50 


t 

850 
2,600 

750 


Mean. 

4,371 
8,720 
8,356 
5, 272 
11,482 
8,713 
4,508 
1,544 
1,023 
895 
2,710 
5,800 

4,866 


Total  in  acre- 
feet. 


Run-off. 


268,762 
206,598 
518, 790 
813,706 
706,001 
518, 460 
277, 186 
94,987 
60,873 

55,  asi 

161,256 
356,628 


3, 533, 228 


Seoond- 

feet  per 

square 

mUe. 


1.32 

1.18 

2.53 

1.60 

3.48 

2.64 

1.37 

.47 

.81 

.27 

.82 

1.76 


Depth 

in 
incheiL 


1.48 


1.52 
1.18 
2.92 
1.79 
4.05 

2.a-> 

1.58 
.54 
.35 
.31 
.92 

1.96 


20.01 


Note.— Gage  heights  and  difu'harge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  06,  page  1S6;  rating  table  on  page  177  of  same  pa,Tper. 


-1  COHTMBIA    RIVER   DRAINAGE. 

Estimated  monthly  discliarge  of  Yakima  River  at  Kiona,  Wagh. 

[Draliuise  area.  Aj:<lHqtiar«  mlkx.] 


in  Wster^npplr  Paper 


12.000 
10,000 


Pia.  88.— DlscbMge  o(  YakLiu  BItbt  at  Kkmn,  Wash..  1101. 


204  STREAM    irEASUBEMENTS   IN   1901.  [ko.ISl 

DISCHARGE  MEASUREMENTS  OF  ARTESIAN   WELLS  IN  MOXEE   VALLEY 

NEAR  NORTH  YAKIMA,  WASH.** 

No.  i.— Clarke's  No.  1  (Pecks),  sec.  6,  T.  12,  R.  20.  Weir  measnrement,  April 
20,  1899;  discharge,  1,435  second-feet. 

This  well  was  closed  in  December,  1900,  and  partly  opened  in  April.  Approxi- 
mate measurement,  with  Price  meter  in  flmne,  April  11,  1901,  discharge.  IM 
second-feet.    Barom.  el.,  1,049. 

No.  ;;,'. —Clarke's  No.  2,  NE.  i  SW.  i  sec.  31,  T.  13,  B.  20.  Weir  measure- 
ment, March  3, 1899, 1 ,046  second-feet. 

This  well  remained  open  dnring  the  winter.  A  measorement  over  an  18>inc}i 
weir,  April  11,  1901,  gave  a^  discharge  of  0.52  second-foot.    Barom.  el..  l,08o. 

No.  i?a.— Clarke's  No.  2a,  NE.  i  SW.  i  sec.  31,  T.  13,  B.  20.  Weir  measurement. 
March  3,  1899,  0.469  second-foot. 

This  well  remained  open  dnring  the  winter.  A  weir  measurement,  April  11, 
1901,  gave  a  discharge  of  0.15  second-foot.    Barom.  el.,  1,076. 

No.  .^.— Meigs,  NW.  i,  SB.  i,  sec.  82,  T.  13,  R.  20.  Discharge  18  coWc  feet  per 
minnte. 

This  well  has  ceased  to  flow  and  is  now  abandoned. 

No.  4. — Yakima  Land  Company,  No.  4,  sec.  4,  T.  12,  R.  20.    No  flow. 

Well  abandoned. 

No.  5. — Yakima  Land  Company,  No.  1,  sec.  3,  T.  12,  R.  20.    No  flow. 

Well  abandoned. 

No.  0. — Yakima  Land  Company,  No.  3,  sec.  3,  T.  12,  R.  20.  Original  yield  esti- 
mated at  30  cubic  feet  per  minnte.    No  flow. 

Well  abandoned. 

No.  7.— Bradford  (now  Hill),  sec.  9,  T,  12,  R.  20.  Measurement  over  3-fb»7t 
weir,  March  19,  1901,  gave  a  discharge  of  0.904  second-foot. 

No.  ^.—Dickson,  sec.  8,  T.  12,  R.  20.    Yield  unknown. 

Abandoned  since  December  1 ,  1900. 

No.  9. — Gano,  sec.  8,  T.  12,  R.  20.  No  measurement  obtainable.  Partly  shm 
down  from  December  1,  1900.    April  1.  1901,  still  partly  closed. 

No.  i^>.— Ellens.  SE.  i  NE.  i  sec.  7.  T.  12,  R.  20.  Measurement  made  March  t^^. 
1901,  showed  a  discharge  of  0.13  second-foot. 

This  well  has  been  closed  down  since  the  summer  of  1900.  Barom.  el.,  995 feet 
Cased  300  feet. 

No.  11. — Longevin,  sec.  8,  T.  12,  R.  20.  Measurement  on  April  9,  1901,  gavt-  a 
discharge  of  0.4  second-foot.    Barom.  el.,  995. 

No.  U. — Haines  (Patterson),  sec.  8,  T.  12,  R.  20.  Measurement  on  March  22. 
1901,  gave  a  discharge  of  0.984  second-foot. 

No.  7.?.— Spratt  (Sauv6),  sec.  8,  T.  12,  R.  20.  Weir  measurement  made  Mairh 
22,  1901,  gave  discharge  of  0.475  second-foot. 

There  is  said  to  be  65  feet  of  sandstone  below  the  first  flow.  The  well  was  cloeiM 
September  15, 1900,  to  be  opened  April  1,  1901. 

No.  i4.— Steinweg  No.  1.  SE.  i  SE.  i  sec.  10,  T.  12,  R.  20.  A  weir  measoremem 
on  July  21,  1899,  gave  a  discharge  of  0.312  second-foot. 

The  well  has  ceased  to  flow  and  is  abandoned. 

No.  15. — Steinweg  No.  2,  sec.  10,  T.  12,  R.  20.  A  weir  measurement,  July  21. 
1899,  gave  a  discharge  of  0.104  second-foot. 

The  well  has  ceased  to  flow  and  is  abandoned.  (Water  rises  to  within  2  feet  d 
the  surface. ) 


"As  reported  by  Sydney  Arnold,  April  18,  1901.    (See  also  Water-Supply  Paper  No.  SS  on  rbe 
Qeology  and  Water  Reeonrces  of  Yakima  County,  Wash.,  by  Gtoorge  Otis  Smith.) 


NBWJRLL.]  COLUMBIA   RIVER   DRAINAGE.  205 

iVo.  IG. — Steinweg  No.  3,  sec.  10,  T.  13,  R.  20.  A  weir  measiLrement,  July  21, 
1899,  gave  a  discharge  of  0.1312  second-foot. 

The  well  is  now  abandoned,  having  ceased  to  flow. 

No.  17. — Yakima  Land  Company,  sec.  14,  T.  12,  R.  20.  No  flow;  well  is  aban- 
doned.   Seventy-five  feet  of  the  bore  is  in  rock. 

No.  i^.— Ellens,  SW.  \  SE.  i  sec.  5,  T.  12,  R.  20.  Discharge,  Angust,  1898,  by 
weir  measurement,  1.9  second-feet;  March  26, 1891,  approximate  measurement  by 
current  meter,  2  second-feet.  This  is  the  largest  in  the  valley.  The  well  was 
closed  down  during  the  winter  of  1900-1901. 

No,  iP.— Regimbau,  SW.  i  SE.  ^  sec.  5,  T.  12,  R.  20.  Approximate  measure- 
ment, with  Price  current  meter,  April  10,  1901,  gave  a  discharge  of  1.09  second- 
feet. 

No.  50.— Bnwalda,  NE.  i  SW.  i  sec.  82,  T.  13,  R.  20.  A  weir  measurement  on 
March  3, 1899,  gave  a  discl^arge  of  0.8  second-foot;  and  on  April  10,  1901.  a  dis- 
charge of  0.05  second-foot.  The  water  has  fallen  below  surface  level,  but  is  raised 
to  an  elevation  of  20  feet  by  a  small  centrifugal  pump  and  6-hor8epower  gasoline 
engine. 

No.  :?i.— Clarke's  No.  4,  NW.  i  SE.  i  sec.  31,  T.  13,  R.  20.  A  weir  measure- 
ment on  April  10,  1901,  gave  a  discharge  of  0.197  second-foot. 

No.  ~^;-^— Alwardt,  SE.  i  SW.  i  sec.  9,  T.  12,  R.  20.  Weir  measurement,  March 
21, 1890,  gave  a  discharge  of  0.64  second-foot. 

No.  ;?^.— Talent,  H.  H.,  NW.  i  SW.  i  sec.  5,  T.  12,  R.  20.  Measurement  made 
March  26,  1891,  gave  a  discharge  of  0.35  second-foot. 

No.  -;?4.— Clarke's  No.  5,  NE.  i  sec.  31,  T.  13,  R.  20.  No  flow.  Abandoned. 
Lost  dnll. 

No.  25. — Conrad,  sec.  5,  T.  12,  R.  20.  Commenced  December  20, 1900.  In  prog- 
ress.    Depth,  347  feet.  March,  1891. 

No.  26. — Longevin,  sec.  8,  T.  12,  R.  20.  Weir  measurement,  April  10,  1901, 
showed  a  discharge  of  0.807  second-foot. 

No.  ^7.— Buwalda  No.  2,  NW.  i  NW.  i  sec.  5,  T,  12,  R.  20.  Measurement, 
April  10, 1901,  with  Price  current  meter,  gave  an  approximate  discharge  of  0.566 
second-foot. 

No.  28.— Feck,  J.  W.,  NW.  i  NE.  i  sec.  6,  T.  12,  R.  20.  Measurement  with 
current  meter  on  April  11,  1901,  gave  an  approximate  discharge  of  T.IO  second- 
feet. 

No.  ;?5.— Ryan,  Robert,  SW.  i  SW.  i  sec.  10,  T.  12,  R.  20.  A  weir  measurement 
on  March  21, 1891,  gave  a  discharge  of  0.485  second-foot. 

No.  .5(?.— Patterson,  NW.  i  SW.  i  sec.  8,  T.  12,  R.  20.  Commenced  January  12, 
1901.     In  progress.     Depth,  640  feet  March  21,  1901. 

No.  Sl.—Gano,  NE.  i  SW.  i  sec.  30,  T.  13,  R.  20.  Measurement,  March  29, 1891, 
gave  a  discharge  of  632  second-feet. 

No.  Ji?.— Ellens,  SE.  i  NE.  i  sec.  8,  T.  12,  R.  20.  Depth,  676  feet.  Some  water. 
Well  abandoned. 

No.  SS.—Bill,  SW.  i  SW.  i  sec.  4,  T.  12,  R.  20.    A  trifling  flow. 

Wide  ffoWoir.— Wilson,  SW.  i  SE.  i  sec.  29,  T.  13,  R.  18.  Discharge  estimated 
at  0.75  second-foot.    Well  closed  during  winter  of  1900-1901.    Still  closed. 

3/aMow. —Terrill  and  Hoover,  SE.  i  SE.  i  sec.  7,  T.  8,  R.  23.    Abandoned. 

Siinnyside.— Turner,  NE.  i  NW.  i  sec.  8,  T.  10,  R.  23.    Abandoned. 

Selah  Valley. — Parker,  sec.  23,  T.  14,  R.  20.    Work  temporarily  discontinued. 

JVencis  Valley. — Arlington  and  Stoffer.    Abandoned. 

Warm  Springs  (10  miles  ea^t  of  Ellensburg). — John  P.  Clerf.  Work  in  pro- 
gress. 
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STBEAM   MEASUREMENTS   IN   1901. 


[so.iS. 


PALOUSE  RIVER. 

Estimated  monthly  discharge  of  Palouse  River  near  Hooper,  Wash, 

[Draina^  area,  2^0  square  miles.] 


Month. 


Discharge  in  second-feet. 


mtixn. 


Mini- 
mum. 


January 
February  . 

March 

April 

May 

Jnne 

July 

August  ... 
September 
October . . . 
November. 
December . 


1901. 


3,770 

4,892 

4,859 

1,828 

410 

484 

131 

16 

10 

10 

86 

347 


320 

166 

735 

446 

166 

100 

16 

2 

2 

7 

10 
19 


Run-off. 


Total  in  acre- 
feet. 


Seoond- 

feetper 

square 

mile. 


Depth 

in 
inches^. 


1,082 

1,526 

2,097 

861 

248 

176 

78 

9 

7 

8 

23 

74 


The  year-   ,'    4,892 


515 


66,530 

84,750 

128,989 

51,233 

15, 249 

10, 478 

4,489 

553 

417 

492 

1,369 

4,550 


0.490 
.690 
.949 
.390 
.112 
.080 
.033 
.004 
.003 
.004 
.010 
.033 


0.563 
.719 

1.094 
.4:35 
.129 
.089 
.038 

.m 
.m 

.00.) 
.011 


369.044 


.233 


3.  i;n 


NoTK.— Oage  heights  and  discharge  measui-'ementB  for  1901  are  given  in  Water-Supply 
Ko.  06,  page  137;  rating  table  on  page  177  of  same  paper. 

UMATILLA  RIVER. 

Estimated  monthly  discharge  of  Umatilla  River  at  Ghitbon,  Oreg, 

[Drainage  area,  %8  square  miles.] 


Paper 


Month. 


January. 
February- . 

March 

April 

May 

June 

July 

August  ... 
September 
October  ... 
November. 
December . 


1901. 


Discharge  in  second-feet. 


Maxi- 
mum. 


2,735 

4,155 

3,556 

2, 017 

1,884 

498 

233 

124 

159 

188 

203 

617 


The  year. 4,155 


334 

264 

1,114 

1,081 

544 

249 

124 

88 

88 

159 

172 

203 


88 


811 

1,201 

1,655 

1,472 

1,266 

350 

181 

98 

125 

166 

181 

398 


Total  in  acre- 
feet. 


49,866 

66,700 

101,762 

87,590 

77,843 

20,826 

11,129 

6,026 

7,438 

10,207 

10, 771 

24, 472 


Bun-off. 


Seoond- 

feetper 

square 

mile. 


Depth 

in 
inches. 


659 


474, 630 


2.30 

3.40 

4.69 

4.17 

3.59 

.99 

.51 

.28 

.35 

.47 

.51 

1.13 


2.65 

3.54 

5.41 

4.65 

4.14 

1.10 

.59 

.^ 

.:« 

.54 

.57 

1.30 


1.87      25.30 


NoTB.— Gage  heights  and  discharge  measurements  for  1801  are  given  in  "Water-Supfdy  P»pff 
No.  66,  page  187;  rating  table  on  page  177  of  same  paper. 
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J^ORTHERN  PACIFIC  COAST  DRAINAGE. 

The  measurement  of  four  streams  in  that  part  of  the  State  of 
Washington  located  between  Puget  Sound  and  the  Pacific  Ocean  and 
known  as  the  Olympic  Peninsula  has  been  continued  during  the  year. 
The  streams  measured  are  Dungeness,  Elwha,  Kalawa,  and  Soleduck 
rivers,  all  of  which  head  in  the  Olympic  Mountains,  the  first  two 
flowing  northwardly  into  the  Strait  of  San  Juan  de  Fuca,  and  the  last 
two  flowing  westwardly  into  the  Pacific  Ocean.  The  work  of  stream 
gaging  at  these  stations  was  brought  to  a  close  at  the  end  of  1901, 
several  years'  records  having  been  obtained  which  give  a  fair  indica- 
tion of  the  regimen  of  these  streams,  and  for  the  further  reason  that 
owing  to  the  turbulent  character  of  the  streams  much  difficulty  has 
been  experienced  in  making  accurate  measurements. 

The  station  on  White  River,  at  Buckley,  Wash.,  was  also  main- 
tained during  1901.  This  stream  rises  in  central  Washington  and 
flows  into  Admiralty  Sound. 


ELWHA  RIVER. 

Estimated  monthly  discharge  of  Elwha  River  at  McDonald,  Wash. 

[Drainage  area,  188  square  miles.  J 


Month. 


1901. 

January. 11,440 

Febrnary 11,212 

March 7,000 

April - 1,300 

May - 8,058 

June 5,947 

July -  2,100 

August I  1,420 

September '  929 

October 1,900 

November l..  23,848 

December ..j  7,468 


Discharge  in  second-feet. 


Mazi- 
mnin. 


The  year 1  23,848 


Mini- 
mum. 


985 

645 

685 

625 

1.071 

1.226 

1,340 

873 

605 

460 

795 

1,071 


Mean. 


1,935 

1,807 

1,561 

957 

2,445 

2,380 

1,641 

1,173 

690 

664 

4,036 

2,306 


Total  in  acre- 
feet. 


118,978 

100, 354 

95, 982 

56,944 

150, 337 

141,620 

100, 901 

72, 125 

41,059 

40,838 

240,159 

141,790 


Run-off. 


10.29 

9.61 

8.30 

5.09 

13.00 

12.66 

8.73 

6.24 

3.67 

3.53 

21.47 

12.26 


11.86 

10.01 

9.57 

5.68 

14.99 

14.13 

10.06 

7.20 

4.10 

4.07 

23.95 

14.14 


1,800       1,301,087  1      9.57 


129. 76 


NoTK.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  06,  page  199;  rating  table  on  page  177  of  same  i>aper. 
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STREAM    MEASUREMENTS   IN   1901. 


[KO.^. 


KALAWA  RIVER. 

Estimated  niotithly  discharge  of  Kalatra  River  near  Forks,  Wash, 

[Drainage  area.  218  square  miles.] 


Discharge  in  aeoond-feet. 


Run-off. 


Month. 


Maxi- 
mum. 


1901. 

Janaary _ .  11, 710 

February 5,212 

March '  5,212 

April 2,438 

May '  5,022 

Jnne '  909 

July.     I  300 

August -. '  158 

September 170 

October... 2,704 

November 8,708 

December 6, 542 


Mini- 
mum. 


Mean. 


Total  in  acre- , 

feet.  Seoond- 

I  feet  per 
square 
I     mile. 


314 

300 

620 

566 

314 

314 

147 

0 

0 

0 


1,723 

1,151 

1,372 

997 

949 

478 

180 

48 

41 

199 


762  I    2,449 
566  I    2,086 


Theyear 11,710 


0 


973 


Depth 

in 
inches. 


105,943 

65,034 

84,361 

59,325 

58,852 

28,443 

11,067 

2,951 

2,440 

12,236 

145,726 

128,263 


8.09 
5.40 
6.44 
4.68  , 
4.46 
2.24  I 
.84 
.23 
.19 
.93 
11.50  [ 
9.79  ' 


9.33 

5.62 

7.42 

5.22 

5.14 

2,50 

.97 

.27 

.21 

1.07 

12.83 

11.29 


Note.— Gage  heights  and  discharge  measurements  for  1901 
No.  06,  page  140;  rating  table  on  page  177  of  same  paper. 


704,141  ,      4.57       61.87 

I 

are  given  in  Water-Supply  Paper 
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SOLEDUCK  RIVER. 

Estimated  monthly  discharge  of  Soleduck  River  near  QuUlayute,  Wash 

[Drainage  area,  272  square  miles.] 


Month. 


1901. 
January 

Febmary 

March 

April 

May 

June 

July 

Angnst 

September 

October  _ 

November 

December 

The  year . 


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


11,365 

8,125 

8,665 

4, 075 

4,750 

2,185 

833 

506 

276 

8,535 

12,715 

8,800 


1,180 

730 

1,060 

1,263 

986 

861 

530 

276 

201 

155 

1,915 

1,180 


Mean. 


3,089 

2,071 

2,116 

2,146 

1,810 

1,262 

671 

374 

236 

368 

4,286 

3,587 


Total  in  acre- 
feet. 


Bun-off. 


Second- 
feet  per 
square 
mile. 


12,715 


155 


1,835 


189, 935 

115,017 

130,108 

125,911 

111,293 

75,094  I 

41,258  I 

28,006  \ 

14,043  1 

22,527  I 

255,035 

220,556  I 


11.36 

7.61 

7.78 

7.89 

6.65 

4.64 

2.47 

1.38 

.87 

1.35 

15.76 

13.19 


Depth 

in 
inches. 


1,323,783 


18.10 

7.93 

8.97 

8.80 

7.67 

5.27 

2.86 

1.59 

.97 

1.56 

17.59 

15.21 


91.50 


NoTK.— C(age  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Pai)er 
No.  66,  page  141;  rating  table  on  page  177  of  same  iwper. 

SAN  FRANCISCO  BAY  DRAINAGE. 

Sacramento  River,  rising  in  northern  California  and  flowing  south, 
and  the  San  Joaquin,  rising  in  the  southern  sierras  and  flowing  north- 
east, drain  the  western  slope  of  the  Sierra  Nevada,  traverse  what  is 
often  called  the  Valley  of  California,  and  meet  near  Suisun  Bay, 
finally  discharging  their  waters  into  the  Pacific  Ocean  through  San 
Francisco  Bay.  Systematic  measurements  of  discharge  were  made 
during  1901  of  Sacramento  River  at  Jellys  Ferry,  and  of  two  of  its 
tributaries.  Stony  Creek  at  Julian's  ranch,  near  Fruto,  and  Cache 
Creek  near  the  town  of  Lower  Lake. 

Stations  were  maintained  during  1901  in  the  San  Joaquin  River 
drainage  as  follows:  On  Mokelumne  River  at  Electra,  on  Stanislaus 
River  near  Oakdale,  on  Tuolumne  River  at  Lagrange  and  at  several 
points  on  its  headwaters,  on  Merced  River  above  Merced  Falls,  on 
San  Joaquin  River  at  Herndon,  on  King  River  near  Red  Mountain 
and  near  Kingsburg.  Stations  were  maintained  also  on  Tule  River 
near  Portersville  and  on  Kern  River  at  first  point  of  measurement, 
near  Bakersfield,  both  these  streams  belonging  strictly  to  the  above 
drainage. 
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0  STREAM   1IEA8UBEMENT8   IN    1901.  t*" 

SACRAUBNTO  RIVER. 

Entimaled  monthly  diacharge  of  Sacramento  River  at  J^gt  Ferry,  Col. 

tDrmlnnge  »n*.  9.l3t  aqiiBre  mllea.] 

I>lBcharge  in  B«vnd-teet.  '  Bnmrfr. 


1901.  I 

January  --- 74,240 

Febnwry  ___ 101,880 

March  _ 46. 100 

April  -- -  18.700 

May  .-- --  13,700 

June ,  7,365 

Jnly 4,760 

AnguBt -  3,980 

September  - - .1,880 

Ottober.- -- 5,880 

November 44,100 

December   81,800 


8,615  '  20,988 
9,800  S4,138  I 
13,200  I  20,638 


3.74 
S.S8  , 


The  year . . 


_'101,W: 


9.200 

10,870  ' 

646,810  . 

7.530 

9,804 

602,824  , 

4.965 

5,596  , 

882,985 

3,980 

4,365 

368,393 

3,8(ra 

3,850 

288,727 

3,630 

3,922  ' 

233,375 

3,980 

4,1&4 

257,879  1 

4.360 

7,745  ! 

460,859 

5.380 

12,149  ' 

747, 013 

8,630 

11,520  1 

1 

8,241,333 

1.19 
1.07 

l.X 

1.33 

.61 

.S- 

.48 

.42 

.J.- 

.43 

.4 

.46 

.S3 

.85 

.W 

1.33 

l.i. 

i.ae 

16.9 

„■..«. 

MMN. 

r 

t, 

-i. 

JUN 

F 

J 

"i 

»2 

0 

1 

'f 

rr^ 

^1 

iV 

1 

1 

! 

1 

i 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

i 

1 

1 

Fio.  64.— DiBcharge  of  Sumnento  BlTer  »t  Jellys  F«rrj,  C«L,  1901. 
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Estimated  monthly  discharge  of  Stony  Creek  near  Fruto,  CaL 

[Drainage  area,  7B0  square  xailee.] 


Hontli. 


January 
February  . 

March 

April 

May 

June 

July 

August  ... 
September 
October . .  _ 
November. 
December . 


1901. 


The  year. 


Discharge  in  second-feet. 


Maxi- 
mum. 


10,385 
2,215 

eao 

555 

195 

15 

10 

725 

340 

1,125 

3,875 


10,385 


Mini- 
mum. 


725 

435 

225 

225 

5 

0 

2 

5 

0 

35 

77 


0 


Mean. 


2,707 

893 

361 

349 

66 

7 

4 

85 

130 

161 

425 


428 


Total  in  acre- 
feet. 


150,339 

54,908 

21,481 

21,459 

3,927 

430 

246 

2,083 

7,993 

9,580 

26,132 


298, 578 


Bun-off. 


Second- 
feet  per 
square 
mile. 


3.56 
1.18 
.48 
.46 
.09 
.01 
.i)l 
.05 
.17 
.21 
.56 


.57 


Depth 

in 
inches. 


3.71 
1.36 
.54 
.53 
.10 
.01 
.01 
.06 
.20 
.23 
.64 


7.39 


NoTB.— C(age  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  06,  page  143;  rating  table  on  page  178  of  same  paper. 

Estim>aied  monthly  discharge  of  Cache  Creek  near  Lower  Lake,  California, 

[Drainage  area,  500  square  miles.] 


Month. 


January 
February  . 

March 

April 

May 

June 

July 

August  .-- 
September 
October . . . 
November 
December . 


1901. 


The  year 


Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Second- 
feet  per 
square 
mile. 

Depth 

in 
inches. 

2,020 

155 

535 

32,896 

1.07 

1.23 

2,520 

615 

909 

50,483 

1.82 

1.89 

1,330 

805 

1,079 

66, 345 

2.16 

2.49 

805 

530 

654 

38,916 

1.31 

1.46 

570 

380 

481 

29, 576 

.96 

1.10 

415 

255 

327 

19,458 

.65 

.72 

255 

155 

199 

12, 236 

.40 

.46 

155 

86 

114 

7,010 

.23 

.26 

86 

40 

55 

3, 273 

.11 

.12 

50 

16 

31 

1,906 

.06 

.07 

62 

16 

26 

1,547 

.05 

.06 

74 

40 

62 

3,812 

.12 

.14 

2,520 

16 

373 

267,458 

.75 

10.00 

Note.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Pai)er 
No.  60,  page  144;  rating  table  on  page  178  of  same  i>aper. 
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STREAM   MEASUREMENTS   IN   1901. 


[HO.iS. 


MOKBLUMNE  RIVER. 
Estimated  monthly  discharge  of  Mokelumne  River  at  BUectra^  CaL 

[Diuixiagie  area.  537  square  miles.] 


Diacharire  in  second-feet. 


I 


Month. 


Maxi- 
mum. 


1901. 
Jannary 4,000 

February  .._ ,  13,210 

March 4,020 

April 3,160 

May '    9,980 

June '    6,790 

July  .  _ . : 

August ' 

September _ 

October _ 

November .'. _ . 


Mini- 
mum. 


330 
610 

1,130 
950 

1,960 

i,aw 


Mean. 


1,000 

3,302 

2,004 

2,040 

4,627 

3,833 

«260 

«190 

«60 

«76 

O210 


Total  in  acre- 
feet 


December , «  1, 467 


61,488 

183,384 

123, 221 

121,388 

284,503 

228,145 

0  15,987 

flll,683 

a  3, 570 

«  4, 673 

« 12, 496 

«  45, 467 


Bnn-off. 


Second-     rw^*i, 
feet  per     ^^ 


square 
mile. 


inchea 


1.86 
6.15 
3.73 
3.80 
8.62 
7.14 
«.49 
«.36 
«.ll 
«.14 
".39 
«2.73 


2.14 
6.42 
4.30 
4.24 
9.93 
7.97 
«.56 
a. 42 
a. 12 
«.16 
«.44 

«  8.  ir> 


Theyear ! ' l«l,589    « 1,096, 005  ,    «2.96    ^39.85 


a  Approximate. 
Note.— Gage  heights  and  discharge  measurements  for  1901 
No.  06,  page  146;  rating  table  on  page  178  of  same  paper. 


are  given  in  Water-Supply  I^per 


SAN  JOAQUIN  RIVER. 

Estimated  monthly  discharge  of  Tuolumne  River  at  Hetch  Hetchy  Valley  dam 

sitCy  California, 

[Drainage  area,  400  square  miles.] 


Discharge  in  second-feet. 


Month. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


Total  in  acre- 
feet. 


1901.  , 

June 7,620 

July 3,650 

August 1,122 

September 147 


1,550 

1,200 

127 

86 


3,476 

2,159 

427 

109 


206,836 

132, 752 

26,255 

6,486 


Run-off. 


Second-     T^^>, 
feet  per  i  "*P*^ 


8.69 

5.40 

1.07 

.^7 


I 


9. 70 
6.21 

1.3S 

.30 


Note.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  ea,  page  147, 


NEWET^L.] 


SAN    FRANCISCO    BAY    DRAINAGE. 
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Estimated  monthly  discharge  of  Eleanor  Creek  at  Eleanor  Trail  Crossing^ 

California, 

[Drainage  area,  81  square  miles.] 


Discharge  in  second-feet. 


Rnn-ofr. 


Month. 


Maxi- 
mum. 


Mini- 
mum- 


Mean. 


1901.  ' 

Jnne i  1,834 

July 510 

August ---  122 

September  _ 18 


374 

138 

18 

5 


824 

275 

52 

8 


Total  in  acre- 
feet. 


49, 031 

16,909 

3,197 

476 


Second- 
feet  i>er 
square 
mile. 


10.10 

3.40 

.64 

.01 


Depth 

in 
inches. 


11.35 
3.92 

.74 
.01 


Note.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  W,  page  147. 


Estimated  monthly  discharge  of  Cherry  River  at  Eleanor  Trail  Crossing, 

California. 

[Drainage  area,  190  square  miles.] 


Month. 


1901. 


Jnne .  _ 

Jnly 

Angnst 

September  . 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

« 1,950 

750 

1,202 

1,630 

218 

653 

206 

17 

93 

145 

4 

32 

Run-off. 


Total  in  acre 
feet. 


Depth 

in 
inches. 


10.32 

5.78 

.83 

.28 


a  Approximate. 
N^OTB.— Gage  heights  and  discharge  measurements  for  19UL  are  given  in  Water-Supply  Paper 
Ko.  66,  page  148. 


STREAU    ME  AHITRRMENTS   IK   1901.  [ 

EKtimated  monthlj/  diaekarge  »/  Tuolunini-  River  at  Lagrange,  Cai. 

IDniatLga  iu>«t,  l.SOl  sqiutre  miles.] 

DlaRbMve  in  Berond-feet. 


Jannary . . . 
Febmary  . 
March  ... 

May 

Jtnifi 
Jnly 
Ai)K°et  . . . 


13. 100  I 

IK.ldO  , 


1.440  I 
2.080 
1.740  I 
4.075  I 
4.M0  I 


October 

November  . 
December  .  _ 


UinltiB  CiimpADy'H  cadkI  flows  10  Boi'nn<l-t 
tkTiA  T  rtecond-feet  i^ontinuoufily  from  April  1  ' 

NuTK.— Onge  heigbla  and  diHohu-ge  mesBi 
No.  ee.  psge  149;  rstlng  table  on  page  178  ot  i 


3,060  I 
9,387  I 


1.440 

300 

3.700 
784 

55 

17S 

0 

311 

800 

574 

200 

,,,» 

0 

3,587 

2.28 
4.80 
2.48 
2.64 
5.!» 
«.S« 
3.47 


6.18 
6.9N 

2.M 


587       2,538,090  I      2.36       3l.7:i 

■IT  I  to  Hurb  SI.  isni. 
n  Watar^nppl;  PafhT 


IVIDD 

10,000 

tfiua 

8,000 


Fio, ».— Diacbiu-se  of  Taolamne  River  at  La^ruise.  C>1.,  ItOL 


ELL.]  flAN    FRANCISCO    BAY    DRAINAGE.  2 

Estimated  monthly  discharge  of  JUereed  River  above  Merced  FalU,  Cal. 

[Dniiia|[e  araa.  LOBO  nqiuire  milea.] 
DIacbBrge  In  second-fee 


1901. 

April  5, 000 

May  .-- '  0,460  , 

JuDe   __ I  8.830! 

July  -   - 4.560  ' 

Angnst  - 1  3,090  ' 

September ] 


1,090 
2.700 


October 

November . . 
I^H'ember . . 


..1 


990  I 


3,687 
5,410 


4.97 

.',.  73 

4.94, 

5.50 

1.92  i 

2.21 

16,394 
33, 743 
3.1,478  I 


A  (or  1901  are  siren  la  'Wnter.Sapply  Paper 


U.- Discharge  of  Uer 


bove  Merced  Falls.  Cal.,  19UL 


STREAM    MEASUREMENTS   IN   1901.  [i 

onthly  diteharge  of  San  Joaquin  River  at  Hemdon,  Cat. 
IDndukseKre*,  l.tERaqnftreiiiilH.] 
DfBchmrge  in  aeoond'fe 

Hkxl-        Mini-        K, 


r  1  ^V^ 
'    I  inrlKci. 


jKDoary . . . 
February  . 

Uarch 

April 

May  - 


21.873 
12,HQ  I 


_.    13,400 
..I  17,870 


June i  15,862 

Jnly j  14,294 

Augnat I    5, 850 


October 

November.. 


iB,oin 

llOQO 


3.B5 
3.18 


3.12  I 
1.45 


«  in  WsteT-Saptdr  Pspw 


Ft<).  BT. -Discharge  of  Son  Jaaqmn  Rive 


1WWKI.L.]  SAN   FBATfCreCO   BAY    DKAIKAOE.  2 

Estimated  monthly  ditcharge  of  King  River  near  Red  Mountain.  Caii/ornia 

[DrBlnage  &r«(t,  1.T4S  aqokre  miles,] 
Disi^liai^e  in  gecond-feet. 


January 

February  _. 
March 

May 

July - 

Augn^t 

Sept«mber  . 
October  .... 
November.. 
December . . 


The  year 48, 930 


43,930 
7,040 
4,490 

10.840  j 
21,ft^0 
21.180 


1,842 
n,  r.48 


260, B72 

190.392 
182,311 
287,298 

682.082 

854.  era 


41.290 
41,078 


3.87 
2.00 


9.30 
4.14 


>r  IWI  *re  KlTen  In  Water-Supplf  P&per 


S.0CO 


FiQ.  fi8.-DlacbwKe  ol  King  Biver  near  Bed  Uinrntaiti.  Califorola,  1901. 
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STREAM   MEASUREMENTS   IN   1901, 


[so.  75. 


TULE  RIVER. 

Estimated  monthly  dwcharge  of  Tule  River  near  P&rtersville,  Cal. 

[Drainage  area,  497  square  mllea.] 


Month. 


1901. 

May  -   - 

Jime  -  

July 

August  . . 
September 

October 

November 

December  ... 


Discharge  in  second-feet. 


Maxi- 
mum. 


875 

408 

126 

30 

23 

109 

71 

64 


Mini- 
mum. 

Mean. 

Total  in  acre- 
feet. 

298 

418 

25,702 

126 

240 

14,281 

30 

61 

3,751 

18 

19 

1,168 

10 

17 

1,012 

18 

29 

1,783 

35 

43 

2,559 

39 

50 

3,074 

Rnn«nff. 


Depth 


feet  per 


0.96 

1 

.55 

.14 

.04 

.04 

.07  : 

.10  ■ 

.11 


1.10 
.61 
.16 
.04 
.(U 
.OS 

.11 
.13 


Note.— Gage  heights  and  disi^harge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  06,  page  167;  rating  table  on  page  178  of  same  paper. 

KERN  RIVER. 

Efttimated  monthly  diaeJiarge  of  Kern  River  near  Bakersfield,  Cal. 

[Drainage  area,  2,345  square  miles.] 


Month. 


1901. 


January 

February 

March  _ 

April 

May _ 

June 4,212 

July 3,856 

August 1,804 

September 

October 

November 

December 


The  year 


Note.— Daily  discharge  for  1901  is  given  in  Water-Supply  Paper  No.  66,  page  ISO. 


80UTHKKN   CALIFORNIA    DRAINAGE. 


Flo,  ae.— Diachmrgo  at  Kern  Blve 


vr  BkkersBeld,  Cal., 


SOIITIIEBN  CAI-IFORNIA  DRAINAGE. 

Under  this  bead  have  lieen  yrouped  all  of  the  Htreama  of  southern 
California  which  do  not  drain  dinictly  or  indirectly  into  San  Fran- 
cisco Bay.  The  measure  me  nts  made  on  Salinas  River  and  tributaries 
were  brought  to  a  close  during  lOOl,  the  object  for  which  the  stations 
had  been  established,  that  is,  furnishing  the  necessary  data  for  com- 
puting the  water  supply  available  for  the  reservoir  sites  surveyed  ia 
the  Salinas  l>asiD,  having  been  accomplished.  Measurements  were 
continued  on  Mohave  River  at  Victorville,  on  Santa  Ana  River  below 
Wannsprings,  and  on  San  Gabriel  River  near  Azusa.  Records  were 
also  obtained  of  the  flow  of  Lytle  Creek,  and  of  Mill  Creek  at  Crnfton 
headworks.     Results  for  1901  are  given  in  the  following  pages. 

SALINAS  RIVER. 

Estitaateii  monthly  dincharge  of  Nacimiento  Creek  near  BryBon.  Cat. 

IDralnfttta  ar«H,  in  aquare  mllen.  | 


Dlwbkr 


UDd-fee 


March  . 


HmD. 

•.^t"'^'^ 

9«-(rad-  1 

184 

11,314 

1.08 

»a 

5,891 

.58 



_.     ^ 

._ 

r  IflUl  are  given  In  WateT.Suppl;  Pnper 
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STREAM   MEASUREMENTS   IN   1901. 


[KO.T5. 


Estimated  monthly  discharge  of  San  Antonio  Creek  near  Jolon,  Cat. 

[Drainage  area,  161  square  milea.] 


Month. 


Discharge  in  aeoond-feet. 


Maxi- 
mum. 


Jannary  . 
Febmary 
March . . . 
April 


1901. 


3,700 

1,700 

400 

740 


Mini- 
mum. 


64 

110 

84 

89 


Mean. 


523 

509 

171 

88 


Total  in  acre- 
feet. 


32,158 

28,268 

10, 514 

4,989 


Bun-off. 


Second-  :  rk^-^i. 
feetper  ,  ^^^^ 


m 


"^r^^^ 


3.25 

3.17 

1.06 

.52 


3.75 

3.30 

1.22 

'   .58 


Note.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water^upply  Paper 
No.  06,  page  154;  rating  table  on  page  178  of  same  paper. 

Estimated  monthly  discharge  of  San  Lorenzo  Creek  near  King  City,  Cal. 

[Drainage  area,  235 1  quare  miles.] 


Month. 


DifM'harge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


Jannary  _ 
Febmary 
March  ... 
April 


1901. 


2, 540 

9,200 

27 

27 


9 
9 
9 
6 


Bun-off. 


Mean. 


Total  in  acre- 
feet. 


171 

725 

17 

8 


10, 514 

40,264 

1,045 

476 


Second- 
feet  per 
square 
mile. 


0.73 

8.09 

.07 

.03 


Depth 

in 
inoh«^\ 


H,  21 
.03 


Note.— Qage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Supply  Paper 
No.  66,  page  165;  rating  table  on  page  178  of  same  paper. 

Estimated  monthly  discharge  of  Arroyo  Seco  near  Piney,  Cal. 

[Drainage  area,  21.5  square  miles.] 


Month. 


January . . 
Febrnary 
March  . . . 
April 


1901. 


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


Total  in  acre- 
feet. 


4, 500 

2,860 

610 

2,500 


105 

160 

105 

95 


Bun-off. 


Second-  ,   rw^,v 
feetper     *^^^ 


888 
931 
246 
195 


54,601 

4.13 

51,705 

4.33 

15,126 

1.14 

11,603 

.91 

4.77 

4.51 
1.31 

,91 


Note.— Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water-Suijply  Paper 
No.  66,  page  156;  rating  table  on  page  178  of  same  jiapor. 


NEWELL.] 


80UTHEEN    CALIFORNIA    DRAINAGE. 
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Estimated  monthly  discnarge  of  Salinas  River  near  Salinas,  Col, 

[Drainaere  area,  4,064  square  miles.] 


Month. 


1901. 
Jannary 

Febmary 

March 

April 

May 

Jttne 

July 


Discharge  in  second-feet. 

Maxi- 
nmin. 

Mini- 
mam. 

Mean. 

35, 162 

380 

4,921 

20,927 

540 

4,131 

1,772 

430 

1,063 

405 

160 

270 

2,012 

160 

533 

160 

30 

56 

30 

25 

27 

Total  in  acre- 
feet. 


302,580 

231,701 

65,361 

16,066 

82, 773 

3,332 

1,660 


Run-off. 


Second- 
feet  per 
square 
mile. 

Depth 

in 
inches. 

1.20 

1.38 

1.01 

1.05 

.26 

.30 

.07 

.08 

.13 

.15 

.01 

.01 

.01 

.01 

Note.— Oage  heights  and  discharge  measurements  for  IflOl  are  given  in  Water-Supply  Pai>er 
No.  06,  page  166;  rating  table  on  i>age  178  of  same  paper. 

MOHAVE  RIVER. 

Estimated  monthly  discharge  of  Mohave  River  at  Victorville^  Cat. 

[Drainage  area,  400  square  miles.] 


Month. 


1900. 
January.. 

February 

March 

April 

May 

Jnne 

July 

Augnst. 

September 

October 

November 

I>ecember 

The  year 

1901. 
Janu&ry 

Foliruary 

3faTch 


Discharge  in  second-feet. 


Maxi- 
mum. 


44 
60 
80 
44 
33 
33 
29 


Mini- 
mum. 


44 
44 
44 
33 
33 
25 
25 


Mean. 


Run-off. 


Total  in  acre- 
feet. 


Second- 
feet  per 
square 
mile. 


29 

29 

29 

29 

33 

29 

3,200 

83 

33 

33 

3,200 

25 

4,180 

50 

4,820 

50 

660 

50 

44 
49 
57 
35 
33 
30 
26 
29 
29 
32 
139 
33 


2,705 
2,721 
3,505 
2,083 
2,029 
1,785 
1,599 
1,783 
1,726 
1,968 
8,271 
2.029 


Depth 

in 
inches. 


0.11 
.12 
.14 
.09 
.08 
.08 
.06 

.07 ; 

.07  1 


0.13 
.12 
.16 
.10 
.09 
.09 
.07 
.08 
.08 


45 


32, 204 


183 
925 

178 


11,252 
51,372 
10, 945 


.08 

.09 

.35 

.89 

.08 

.09 

.11 

1.49 

.46 

.53 

2.81 

2.41 

.45 

.52 
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STREAM   MEASUREMENTS   IN   1901. 


[soTi 


Estimated  monthly  discharge  of  Mohat>e  River  at  Victorville,  Cal. — Continoed. 


Month. 


DiflchATfre  in  seoond-feet. 


Maxi- 
mum. 


Mini- 
mum. 


1901. 
April 

May 

June 

July . 

Angust 

September 

October 

November 

December 

The  year 


44 
49 
42 
40 
50 
55 
69 


n 


73 


44 
49 
42 
40 
50 
55 
69 
77 
73 


Mean. 


4,820 


40 


44 
49 
42 
40 
50 
55 
69 
77 
73 


149 


Bnn-off. 


Total  in  acre- 
feet. 


feet  per       .J 
mile. 


2,618 
3,013 
2,499 
2,460 
3,074 
3,273 
4,243 
4,582 
4,489 


103,820 


11 
12 
11 
10 
13 
14 

i: 

19 
18 


.1^ 
.14 


ri 


-J! 


.37'     4.** 


NOTK.— Oage  heigh t8  and  discharge  measurements  for  1901  are  given  In  Water-Supidy  PtpFf 
No.  66,  page  160. 

SAN  GABRIEL  RIVER. 

Estimated  motithly  discharge  of  San  Oabriel  River  and  canals  above  Azusa.  Oi 

[Drainage  area,  2SSi  square  mUes.] 


Discharge  in  second-feet. 


Ban-off. 


Month. 


January 
February  . 

March 

April 

May 

June . 

July 

August  ... 
September 
October . . . 
November. 
December  . 


1900. 


89 

23 

30 

26 

86 

22 

10 

5 

6 

6 


The  year 


18 

16 

13 

16 

8 

4 

4 

3 

4 


32 

20 

20 

17 

37 

15 

6 

4 

4 

5 

a  186 

0  40 

0  32 


Total  in  acre- 
feet. 


1,968 

1,111 

1,230 

1,012 

2,275 

898 

369 

246 

238 

307 

11,068 

1,269 


Second 

feet  per 

square 

mile. 


in 
incb« 


21,986 


0.14 
.09' 
.09 
.08 
.17 
.07 
.03 
.02 
.02 
.02 
.84 
.18 

.15 


II.  l^ 

.'18 
.1" 

.? 

.lb 
/> 


I.' 


a  Approximate. 


NKWBLJj.] 
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Estimated  monthly  discJiarge  of  San  Oabriel  River  and  canals  near  Azusa,  Col, 

[Drainage  area,  22S  square  miles.] 


Hcmtli. 


1901. 
January. 

February 

March  _ 

April 

May 

Jtme 

July 

August 

September 

October  .  _ 

November 

December 

The  year . 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

1,460 

28 

169 

2,605 

187 

680 

440 

135 

221 

130 

95 

110 

272 

83 

121 

03 

41 

63 

41 

24 

30 

27 

15 

20 

20 

15 

17 

122 

0 

24 

50 

29 

32 

30 

26 

27 
126 

2,605 

0 

Total  in  acre- 
feet. 


Run-off. 


10, 391 

37, 765 

13,589 

6, 545 

7,440 
3,749 
1,845 
1,240  ' 
1,012  j 
1,476  I 
1,904  I 

1,660  ' 

I 

88,606  I 


Second- 
feet  per 
square 
mile. 


0.76 
3.06 
1.00 
.50 
.55 
.28 
.14 
.09 
.08 
.11 
.14 
.12 

.57 


Depth 

in 
inches. 


0.87 
3.19 
1.15 
.56 
.63 
.31 
.16 
.10 
.09 
.13 
.16 
.14 

7.49 


Note.— Gage  heights  of  San  Gabriel  River  for  1901  are  given  in  Water-Supply  Paper  No.  06, 
page  161;  daily  discharge  of  canals  on  page  168  of  same  paiMdr. 

LYTLE  CREEK. 


Estimated   mx)nthly  discharge  of  Lytic  Creek    at   head   gates   Rialto    canals^ 

California. 

[Drainage  area,  62  square  miles.] 


Month. 


1901. 
May - 

June _ . 

July  1-23. 

August 

September 

October  1-25  and  29-31 


Discharge  in  second-feet. 


Maxi- 
mum. 


21.7 
15.2 


11.3 
11.5 


Mini- 
mum. 


12.1 
10.5 


9.7 

8.7 


Mean. 


15.8 
12.6 
10.0 
10.4 
9.8 
12.7 


Total  in  acre- 
feet. 


971 
750 
456 
639 
583 
705 


Run-off. 


Second - 

feet  per 

square 

mile. 


0.30 
.24 
.19 
.20 
.19 
.24 


Depth 

in 
inches. 


0.35 
.27 
.16 
.23 
.21 
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SANTA  ANA  RIVER. 

Estimated  monthly  discharge  of  Santa  Ana  River  and  canals  near  Warm- 

springsy  Cal. 

[Dratnage  area,  188  square  milee.] 


Month. 


January 
Febmary  . 

March 

April 

May 

June 

July 

Aug^nst  ... 
September 
October . .  _ 
November 
December . 


1901. 


The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


600 

540 

114 

107 

68 

44 

42 

200 

60 

96 

86 

25 


600 


Mini- 
mum. 


81 
48 
45 
39 

a5 

80 
84 
31 
42 
24 
22 
21 


21 


Mean. 


78 
194 
68 
48 
42 
37 
88 
50 
49 
48 
26 
24 


Total  in  acre- 
feet. 


RujHiff. 


f^^^ 


58 


4,796 
10, 774 
4,181 
2,559 
2,582 
2,202 
2,837 
8,074 
2,916 
2,951 
1,547 
1,476 


square 
mUe. 


incbA. 


41,895 


0.41 
1.03 
.36 
.23 
.22 
.20 
.20 
.27 
.26 
.26 
.14 
.18 


0.4: 

\.(r. 

,41 

.35 

.33 
.SI 
.29 

.3i' 
.1« 
.15 


.31     4.ie 


NoTV.— Daily  discharg j  of  river  and  canals  for  IflOl  is  given  in  Water-Supply  Paper  Vo-  A, 
pages  164-165. 

MILL  CREEK. 

Estimated  monthly  discharge  of  Mill  Creek  canals  at  Grafton  head  trorks,  Cali- 
fornia, 

[Drainage  area,  47  square  miles.] 


Month. 


1901. 


Discharge  in  seoond-feet. 


Maxi- 
mum. 


Mini- 
mum. 


I 


19.12 


July 

Aiigust  - 

September 16.58 

October  _.. 13.18 

November i    12.30 


December 


12.28 


11.42 
12.30 
11.60 
10.26 


Mean. 


16.86 

«19.07 

14.04 

12.58 

12.28 
12.00 


Bun-off. 


Total  in  acre- 
feet. 


975 
867 
883 
774 
732 
788 


Seoond- 
feet  per 
square 
mile. 


0.34 
.41 
.30 
.27 
.26 
.26 


Depth 

in 
incbrt 


0.39 


31 
9 


a  Partial  month. 
NoiB.— Daily  discharge  in  second-feet  for  1901  is  given  in  Water-Supply  Paper  No.  OB,  page  1* 
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REIiATION  OF  RArNTAIiL  TO  RUN-OFF  IN  CAUOFORNlJl. 

A  study  of  the  available  rainfall  and  run-off  data  for  California 
watei^sheds  has  been  undertaken,  and  the  accompanying  diagrams  and 
tables  are  here  presented  as  the  results  of  the  work. 


FARALLON 
LiaHTHOU6E 


25 


*0 


g       BENICIA  It'   FAIRFIELD  16'  SACRAMENTO  271  « 

111 


25 


50 


100 


125 


190 


IW 


200 


MUefl 
2dS        290 


Pio.  7Q.— Diagram  showing  increase  of  rainfall  with  rise  of  eleyation  over  the  Sierras  in  central 

California. 

As  the  run-off  diagram  was  to  be  used  in  estimating  the  water  sup- 
ply available  for  various  storage  reservoirs  for  irrigation,  it  was 
thought  best  to  represent  the  run-off  in  acre-feet  per  square  mile. 
The  majority  of  the  discharge  reports  give  the  depth  of  run-off  in 
inches.  The  accompanying  table  has  been  made  for  converting  depth 
of  run-off  in  inches  to  run-off  in  acre-feet  per  square  mile,  using  the 
following  formula:  Depth  of  run-off  in  inches,  x  (0.0833  x  f340)= 
run-off  in  acre-feet  per  square  mile. 

2000 


20  40  60 

Annual  rainfall  in  inches 

Fio.  71.— Diagram  showing  ran  off  from  watersheds  of  California  streams. 
IRR  75—02 15 
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Table  for  converting  depth  of  runoff  in  inches  into  acre-feet  per  square  mile. 


.25 


.26 


or 


.28 

.80 
.81 
.82 
.88 
.84 


Depth  of 
run-off. 

Acre-foet  per 
square  mile. 

Inrhrs. 

0.01 

0. 583 

.02 

1.067 

.03 

1.600 

.04 

2.133 

.03 

2.667 

.06 

3.200 

.07 

3.733 

.08 

4.267 

.09 

4.800 

.10 

5.333 

.11 

5. 867 

.  If 

6.400 

.13 

6.933 

.14 

7.467 

.15 

8.000 

.16 

8.533 

.17 

9.067 

.18 

9*600 

.19 

10. 133 

.20 

10.667 

.21 

11.200 

.22 

11.783 

.28 

12. 267 

.24 

12. 800 

Depth  of 
run-off. 


13. 388 
13. H67 
14. 400 
14.938 
15.467 
16. 000 
16. 538 
17.067 
17. 600 
IS. 188 


Inches. 
0.35 
.36 
.87 
.38 
.39 
.40 
.41 
.42 
.43 
.44 
.45 
.46 
.47 
.48 
.49 
.50 
.51 
.52 
.53 
.54 
.55 
.56 
.57 
.58 
.59 
.60 
.61 
.62 
.63 
.64 
.65 
.66 
.67 
.68 


Acre-feet  per      Depth  of 
square  mile.        run-off. 


18.667 
19.200 
19. 733 
20.267 
20.800 
21.333 
21.867 
22.400 
22.933 
23.467 
-24.000 
24.533 
25.067 
25.600 
26.133 
26.667 
27.200 
27.733 
28.267 
28.800 
29. 833 
29. 867 
30.400 
30. 933 
31.467 
32.000 
32.533 
83. 067 
33. 600 
34.133 
34.667 
35. 200 
35. 783 
86. 267 


Inches. 

0.69 

.70 

.71 


72 


.73 

.74 
.75 
.76 
77 
.78 
.79 
.80 
.81 
.82 
.83 
.84 
.85 
.86 
.87 
.88 
.89 
.90 
.91 
.92 
.93 
.94 
.95 
.95 
.97 
.98 
.99 
1.00 


Acre-feet  per 
square  mile. 


36.800 
37.333 
37.867 
38.400 
38.933 
39.467 
40.000 
40.533 
41.067 
41.600 
42.133 
42.667 
43. 200 
43. 733 
44.267 
44.800 
45.333 
45.867 
46.400 
46.933 
47.467 
48.000 
48.533 
49.067 
49.600 
50. 133 
50.667 
51.200 
51.733 
52. 267 
52.800 
53.333 


At  the  outset  many  difficulties  began  to  present  themselves.  Th 
most  serious  one  was  that  of  obtaining  measurements  of  rainfall  »^ 
the  higher  elevations.  The  streams  most  productive  of  run-off,  aii«i 
upon  which  discharge  records  had  been  kept,  have  their  sources  o^ 
the  western  slopes  of  the  high  Sierra  Nevada  Mountains,  where  then 
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are  few  or  no  inhabitants  above  7,000  feet,  and  consequently  no 
observers  of  rainfall,  but  the  valuable  rainfall  records  of  the  Pacific 
Railway  system  along  the  line  of  railway  from  Sacramento  to  the 
summit  of  the  Sierra  Nevada  at  Railroad  Pass  offered  a  clew  to  the 
solution  of  this  difficulty.  In  fig.  70  the  mean  rainfall  and  the  eleva- 
tion of  the  station  are  plotted  as  ordinates  and  the  distance  inland  of 
the  station  as  abscissas. 

The  rate  of  increase  of  precipitation  from  Sacramento  to  Cisco,  at 
the  elevation  of  6,000  feet,  the  point  of  maximum  rainfall,  seems  to 
be  0.6  inch  per  100  feet  of  rise.  The  precipitation  above  the  6,000- 
foot  point  decreases  with  the  elevation  approximately  at  the  rate  of 
0.4  inch  per  100  feet  of  rise. 

Fortunately  in  the  Tuolumne  River  Basin,  about  midway  between 
the  American  and  King  River  basins,  there  is  another  series  of  rain- 
fall stations,  beginning  with  Lagrange,  elevation  293  feet  above  sea 
level;  Sonora,  elevation  1,824  feet;  Second  Garrote,  elevation  2,900 
feet,  and  Crockers,  elevation  4,453  feet.  The  mean  rainfall  at  these 
stations,  plotted  as  in  the  above  diagram,  indicates  the  rate  of  increase 
from  Lagrange  to  Crockers  to  be  0. 84  inch  per  100  feet  rise.  This  rate 
of  increase  has  been  taken  to  hold  good  up  to  an  elevation  of  6,000 
feet,  and  above  this  the  rate  of  decrease  of  rise  to  be  0.4  inch  per  100 
feet  to  an  elevation  of  9,000  feet.  Probably  the  rate  of  increase  and 
decrease  would  be  more  correctly  represented  by  a  curved  line,  but 
the  data  are  not  sufficient  to  warrant  this. 

Using  these  rates  of  increase  and  decrease,  the  mean  precipitation 
for  the  years  1896-1899  at  an  elevation  of  9,000  feet  in  the  Tuolumne 
River  Basin  would  be  49.8  inches.  If  snow  converts  into  water  at  the 
ratio  of  8  to  1,  the  snowfall  would  be  33.2  feet  at  this  elevation. 

It  was  found  "impossible  to  use  the  run-off  data  of  the  Kern  River 
Basin,  though  it  is  without  doubt  the  most  closely  watched  stream  in 
the  State,  because  of  the  exposure  of  the  watershed  and  because  of 
the  scarcity  of  rainfall  data.  This  watershed  is  bounded  on  the  west 
for  almost  its  entire  length  by  a  high  mountain  range.  Concerning 
the  precipitation  on  the  east  slope  of  this  range  there  is  little  known 
beyond  the  fact  that  it  is  very  much  less  than  on  the  western  slope. 
Ill  1896  the  total  run-off  from  the  King  River  Basin  of  1,775  square 
miles  was  1,871,005  acre-feet.  For  the  same  year  the  run-off  from  the 
Kern  River  Basin  was  610,630  acre- feet.  Tne  ratio  of  the  area  of  the 
King  River  Basin  to  the  Kern  is  1  to  1.32,  the  ratio  of  run-off  1  to  0.33, 
though  the  higher  drainage  areas  of  the  streams  are  contiguous.  It 
was  also  thought  best  not  to  use  the  run-off  and  rainfall  data  for  Piru 
Creek  Basin,  furnished  by  the  Antelope  Valley  Water  Company, 
because  the  ratio  of  discharge  in  acre-feet  per  square  mile  was  greater 
than  any  other  record.  There  is  little  doubt  about  the  accuracy  of  both 
the  run-off  and  precipitation  records,  the  explanation  being  that  the 
rainfall  observation  stations  were  necessarily  situated  at  so  low  an 
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elevation  that  the  record  did  not  represent  the  mean  rainfall  for  the 
higher  portions  of  the  basin. 

The  run-off  and  rainfall  data  of  the  streams  which  were  used  to  niak<^ 
the  discharge  diagram,  fig.  71,  will  be  mentioned  in  the  order  from 
north  to  south  in  which  their  watersheds  occur. 

Sacramento  River  Basin. — The  rainfall  stationsused  in  determinini: 
the  mean  annual  precipitation  for  the  Sacramento  River  Basin  were 
the  following:  Red  Bluff,  Rosewood,  Redding,  Delta,  Diinsmuir, 
Shasta,  Sissons,  and  Fort  Bidwell. 

There  were  absolutely  no  records  for  the  great  interior  mountainous 
and  lava  country  in  Siskiyou,  Modoc,  and  Lassen  counties,  compris: 
ing  more  than  5,334  square  miles  of  the  watershed. 

Fort  Bidwell  is  situated  outside  of  the  watershed,  on  the  eastern 
slope  of  the  mountains  that  form  the  boundary,  and  would  probably 
have  a  less  rainfall  than  Modoc  County.  The  record  was  kept  there 
for  a  period  of  twenty-two  years,  and  the  mean  rainfall  is  20.8  inches. 

The  average  rainfall  at  Red  Bluff  for  a  period  of  twenty- three  3'ean> 
was  23.9  inches;  at  Rosewood,  for  a  period  of  six  yeai*s,  25.63;  at 
Redding,  for  twenty-four  years,  35.69.  The  precipitation  at  these 
three  latter  stations  was  taken  to  get  the  average  for  the  Sacramento 
Valley  for  the  years  1896-1899,  during  which  time  run-off  measure- 
ments have  been  made  at  Jellys  Ferry.  The  mean  rainfall  of  the  Pitt 
River  drainage  area  of  5,334  square  miles,  which  has  an  avera^  ele- 
vation of  5,00()  feet,  was  taken  to  be  the  same  as  that  of  the  Sacra- 
mento Basin  above  Red  Bluff. 

Tlie  average  rainfall  at  Delta  for  a  period  of  fourteen  years  was 
62.39  inches;  at  Dunsmuir,  for  ten  years,  57.16  inches;  at  Shasta,  for 
six  years,  53.26  inches;  at  Sissons,  for  ten  years,  32.75  inches.  The 
rainfall  at  these  four  stations  was  taken  to  obtain  the  mean  rainfall 
for  the  mountainous  area  of  the  watershed  for  the  years  1896-1899. 

San  Mateo  Creek. — The  Spring  Valley  Water  Company's  record  of 
rainfall  and  run-off  from  the  watershed  of  San  Mateo  Creek  is  without 
doubt  the  oldest  record  in  the  State,  having  been  kept  for  thirty 
years.  In  the  table  given  on  page  390  of  Water-Supply  and  Irrigation 
Paper  No.  38,  of  the  United  States  Geological  Survey,  no  allowance 
has  been  made  for  evaporation  from  the  surface  of  the  reservoir;  20 
per  cent  has  here  been  ad^ed  to  the  run-off  as  calculated  from  those 
tables  to  cover  evaporation.  The  drainaere  basin  of  San  Mateo  (^reek 
ranges  in  elevation  from  250  to  1,800  feet,  with  an  average  of  alx>ut 
750  feet.  The  hills  are  undulating.  There  is  a  limited  growth  of 
timber  on  the  northern  slopes  near  the  summit,  but  a  large  amount 
of  brush  covers  other  portions  of  the  basin.  On  the  southern  slopes 
and  crest  the  hills  are  frequently  bare  of  brush,  but  covered  with 
grasses. 

Salt  Springs  Valley  loaterslied. — The  basin  of  the   Salt  Springs 
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Valley  is  largely  of  red  clay,  which  scantily  covers  a  bed  rock  of 
granite  and  slate.  The  topography  is  undulating  rather  than  moun- 
tainous, about  20  per  cent  of  the  total  drainage  area  being  valley 
laud.  There  is  little  brush  or  timber  in  the  valley  and  only  a  scat- 
tering growth  of  oak  and  scrubby  pine  on  the  hills.  To  obtain  the 
mean  for  the  basin  10  per  cent  has  lieen  added  to  the  rainfall  for 
North  Hill,  6  miles  northwest  of  the  dam.  To  obtain  the  total 
run-off  for  the  basin  4,132  acre-feet  have  been  added  to  the  amounts 
fts  given  in  the  table  on  page  337,  Part  IV,  of  the  Eighteenth  Annual 
Report  of  the  United  States  Geological  Survey  to  compensate  for 
evaporation  from  the  reservoir  surface.  ^ 

The  methods  of  measurement  of  discharge  from  the  reservoir  are 
very  crude,  which  may  partly  account  for  the  very  high  percentage  of 
run-off  from  this  basin,  which  contains  25  square  miles. 

Stanislaus  River  Basin, — There  were  no  rainfall  data  obtainable  for 
this  basin,  but,  since  it  joins  the  Tuolumne  and  is  in  most  respects 
similar,  the  rainfall  for  the  Tuolumne  Basin  has  been  taken  to  apply 
to  both. 

Tuolumne  River  Basin. — To  obtain  the  mean  rainfall  for  this  basin 
the  average  elevation  and  area  of  the  various  portions  were  taken 
from  the  topographic  maps  of  the  United  States  Geological  Survey. 
The  areas  were  obtained  by  the  use  of  a  planimeter.  Lagrange  was 
taken  as  the  base  station  and  the  percentage  of  increase  for  the 
various  elevations,  as  shown  by  the  diagram,  fig.  1.  The  following 
example  for  the  year  1896  will  illustrate  more  particularly  the  method: 


Ayerase  ele- 
vation. 

Nnmber  of 
square 
miles. 

Estimated 

rainfall, 

1896. 

t 
Mile-inches. 

1,200 

75 

26.4 

1,980 

1,500 

88 

29.0 

2,552 

2,500 

182 

37.4 

6,807 

8,500 

46 

45.8 

2,107 

4,000 

105 

50.0 

5, 252 

4,500 

147 

54.2 

7,967 

5,500 

90 

60.9 

5,481 

6,000 

143 

63.3 

9,052 

6,500 

105 

61.3 

6,437 

7, 500 

189 

57.3 

10, 830 

9,000 

330 
1,500 

51.3 

16, 927 

75, 692 

J^3«»^  =  50. 3  inches  mean  for  basin,  1896. 
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Tabulation  of  general  curve. 


Esti- 
mated 

mean 
rainfall 
in  IncheB. 


Estimated  ,  Esti-     '  Estimated  , 

run-off  in  ;    Estimated        mated   i  mn-off  in  >    Estimated 
acre-feet     depth  of  mn- ,     mean    |   acre-feet     depth  of  run- 
per  square    off  in  inches,     rainfall    per  square    off  in  inches, 
mile.  in  inches.'       mile.       i 


8 

0 

.00 

30 

330 

6.20 

10 

10 

.1»  , 

32 

380 

7.13 

12 

15 

.28  1 

84 

480 

8.06 

14 

35 

.66 

36 

500 

9.38 

16 

55 

1.03  1 

38 

580 

10.87 

18 

85 

1.60  t 

40 

660 

12.88 

20 

120 

2.25  1 

42 

750 

14.06 

22 

160 

3.00  1 

44 

840 

15. 75 

24 

200 

8.75 

46 

940 

17.62 

26 

240 

4.50  , 

48 

1   1,040 

19.50 

28 

280 

5.25  1 

,   1,160 

1 

21.75 

San  Joaquin  and  King  River-  basins, — There  were  practically  no 
rainfall  data  for  either  of  these  basins. 

The  estimated  mean  rainfall  for  the  Tuolumne  River  Basin  for  the 
years  181)6-1899  is  48.2  inches;  the  depth  of  mean  run-off  for  the  saniT- 
period  is  20.8  inches;  the  depth  of  mean  run-off  for  the  San  Joaquin 
River  for  thie  period  is  18.4  inches.  Since  the  topography,  exposure, 
etc.,  in  the  two  basins  are  similar,  the  rainfall  will  probably  l>e  pro- 
portional to  the  run-off. 

Example:  20.8: 18.4: :  48.2 :  42.7.  Similarly  the  mean  rainfall  for  the 
King  River  Hasin  will  bo  37.8  inches. 

Mohave  River. — The  meteorological  and  hydrographic  work  of  the 
Arrowhead  Water  Company  has  been  carried  on  for  a  numb^^r  of 
years  at  the  head  of  the  Mohave  River.  Twenty-eight  rain  ga:re>, 
carefully  located  at  elevations  of  from  2,100  to  7,200  feet,  have  Ix^en 
maintained.  The  measurements  of  run-off  from  several  tributaries 
have  been  made  over  weirs.  The  area  of  the  basins  are  all  less  than 
50  square  miles.  The  watershed  is  covered  with  a  thick  growth  of 
timber  on  the  crest.  The  growth  of  timber  diminishes  as  the  de.^rt 
is  approached,  the  northern  part  of  the  watershed  being  covered  with 
brush  onh'.  The  mean  elevation  of  the  watershed  observed  aiM>n  is 
about  o,2oO  feet  above  sea  level. 

Cinjiunara  reservoir  watershed. — The  area  of  this  watershed  is  11 
square  miles  and  the  mean  elevation  above  sea  level  is  probably  5, ."><'' 
feet. 

The  run-off  is  carefully  measured.  There  is  only  one  rain  gaire 
maintained,  and  that  is  at  the  dam^  The  resident  engineer,  Mr.  F.  S. 
Hyde,  says  that  as  this  rain  gage  is  located  between  two  high  woodeil 
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l>eaks,  which  act  as  condensers  of  the  moisture-laden  clouds,  the 
recorded  precipitation  is  undoubtedly  heavier  than  the  average  of 
tlie  waterehed.  This  probably  explains  why  the  mean  annual  run-off 
is  BO  far  below  the  general  curve. 

Sweetwater  reservoir  hasin, — The  evaporation  and  run-off  records 
from  this  basin  date  from  1888,  and  have  been  very  carefully  kept. 

There  is  no  doubt  that  manj'  of  the  points  on  the  curves  (fig.  71), 
would  be  changed  if  we  had  more  definite  information  as  to  the  rain- 
fall, but  the  curves  are  the  best  that  could  be  made  from  the  informa- 
tion at  hand.  The  mean  discharge  for  the  period  of  observation  on 
each  stream  is  used,  together  with  the  mean  rainfall  for  the  same 
yeara.  These  means  are  considered  the  more  satisfactory,  as  they 
tend  to  eliminate  erratic  stream  and  rainfall  reconls. 
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measurements  of 9(» 

Oi>elika,  Ala.,  rainfall  at '....  H6,«7,H8  ! 

Orange  County,  Va..  rainfall  in 45, 4(5  j 

( )rchapd,  Colo.,  run-oflf  from  South  Platte  I 

River  Basin  at 136 

Oreana,  Nev. ,  stream  measnrementa  near      IHIS  , 

l>regon,  hy drographic  work  in jSMJ  ' 

Oregon  Short  Line,  acknowledgments  to       IT 
Orford,  N.  H..  stream  measurements  at .        2ii 
Os-wego  River,  Now  York,  diagram  show- 
ing discharge  of 25 

Ottawa,  Ohio,  rainfall  at Ill 

Ouray   School,  Utah,  stream   measure- 
ments at 16(5 

(^xanna,  Ala.,  i-ainfall  at S6,H7,8H 

P. 

Pa-iflc  Railway  System,  I'ainfall  I'ecords 

of aJ7 

Palouse    River,    Washington,    drainage 

area  of,  near  Hooi)er :3f)(5 

measurements  of 3)6 

Park  County,  Mout ,  rainfall  in 115.  IIB 

Parkinson,  U.  F.,  acknowledgments  to  . .  Itt 

Parshall,  A.  J.,  acknowledgments  to lU 

Passaic  River,  New  Jersey,  drainage  area 

of ,  at  Two  Bridge  s 2(> 

hydrographic  work  in  basin  of jJ5-2*5 

measurements  of 2H 

station  e-stablished  on 25 

Patapsco  River,  Maryland,  drainage  area 

of,  at  Woodstock Hi 

measurements  of H3 

Peal».\  A.  C,  reference  to  work  of 14 

Pe< -OS  River,  measurement sof !&) 

Ptx'OB  Valley,  New  Mexico,  irrigation  of 
field  of  sugar  beets  in.  plate 

showing 222 

Pennsylvania,  hydrogi-aphic  work  in 28-fiJ 

Penobscot  River,  Maine,  drainage  area  of, 

nearCostigan 8) 

measurements  of 19,2(» 

Perkiomen  Creek,  Pennsylvania,  drain- 
age area  of,  at  Frederick 29 

measurements  of 29 

P..«tei*sburg,  Va  ,  rainfall  at 45, 4i<.  5<) 

Philadelphia,  Pa.,  btream  measurements 

near :«) 

Piedmont,  W.  Va.,  stream  measurements 

at 34 

Plndell,  L.  M.,  acknowledgments  to 17 

Piney,  C^l.,  stream  measurements  near. .  220 
Pirn  Creek,  California,  rainfall  and  run- 

offdatafor 227 

Pitt  River,  California, rainfall  in  drainage 

basin  of 228 

Plant  System,  acknowledgments  to 17 

Platte  River,  drainage  area  of,  near  Co- 
lumbus, Nebr K* 

investigations  in  basin  of 124-140 

measurements  of 13b 
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Point  of  Rocks,   Md.,  stream  measure- 
ments at  '19 

Point  Peter,  Ga  ,  rainfall  at 72. 74, 7tt 

Point   Pleasant,    Pa.,    stream   measure- 
ments at 28 

Pompton  River,  New  Jersey,  drainage 

area  of,  at  Two  Bridges 36 

measurements  of 38 

station  established  on 25 

Portersville,  Cal.,  stream  measurements 

near 218 

Potf^mac  River,  drainage  area  of,  at  Point 

ofRocks.Md ' 39 

drainage  area  of  North  Branch  of,  at 

Piedmont,  W.  Va 34 

of  South  Branch  of,  near  Spring 

field.  W.Va 34 

measurements  of 89 

of  North  Branch  of 34 

of  South  Branch  of iH-^ 

stations  in  liasinof 'Si-'U 

Prall,  C.  T.,  reconnaisFance  by 171 

station  established  by 173 

Precipitation.    See  Rainfall. 

Presidio,    Tex.,    stream    measurements 

near 157-159 

Pressoy,  H.  A.,  reference  to  paper  by 19 

referenc'3  to  work  of 19 

Presump»scot  River,  Maine,  drainage  area 

of,  at  outlet  of  Sebago  Lake ...        22 

measurements  of V.K  22- 

Price  Road  bridge*,  Utah,  view  of  Du- 
chesne River  near 166 

Prince  Edward  County,  Va.,  rainfall  in..  45,47 
Provo,  Utah,  rftroam  measurements  near  195 
Provo  River,  Utah,  di*ainage  area  of,  near 

Provo 195 

measureu:ents  of B)5 

Prowers,  Colo.,  savam  measurements  at.      147 

Publications,  i*c vie w  of 12-15 

Pueblo,  Colo.,  stream  measurements  at..      146 

Q. 

Quillayute,  Wash,,  stream  measurements 

near 209 

R. 

Radford,  Va.,  stream  measurements  at.  101-102 
Rainfall.    See  Names  of  river  basins. 

Rainfall,  Alabama 86^88 

diagram  showing  increase  of,  with 

rise  of  elevation,  California  . .      225 

Georgia , 72-76 

Maumee  River  Basin 110-111 

Missouri  River  Basin,  upper 114-1 18 

Mohave  River  Basin,  Cal 230 

Oconee  and  Ocmulgeo  river  basins. . .  72-76 
rate  of  increase  of,  from  Sacramento 

toCisccCal 227 

relation  of  run-off  to,  California 225-231 

Sacramento  River  Basin 288 

Salt  Springs  Valley,  Cal 229 

San  Mateo  Creek  Basin,  Cal 228 

South  Platte  River,  upxier  basin  of  . . .      131 
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Rainf alL  StanifOans  River  Basin,  Gal &9 

Tallapooiia  River  Basin «M» 

Tuolumne  River  Basin,  Cal 229-230 

Vernal  Valley,  Utah 171 

Virginia 45-50 

Rainfall  stations,  location  of,  in  James 

RiverBiisin 45 

location  of,  in  Oconee  and  Ocmulgee 

riverbasins 72 

in  South  Platte  River  Basin 138 

in  Tallapoosa  River  Basin 86 

in  Upper  Missouri  River  Basin 115 

map  showinK«  in  James  River  Basin . .  42 

in  South  Platte  River  Basin 131 

in  Tallapoosa  River  Basin 84 

in  Upper  Missouri  River  Basin. . .  114 

Randolph,  Va.,  stream  measurements  at.  52 

Banger,  N.  C,  stream  measurements  at .  106 

Red  Bluff,  Cal.,  rainfall  at 228 

Red  Bluff,  Mont.,  run-off  from  Madison 

River  Basin  at IW 

stream  measurements  near 119 

Red  Mountain,  California,  stream  meas- 
urements near 217 

Redding,  Cal.,  rainfall  at 228 

Relianc'e,  Tenn.,  stream  measurements 

at 107 

Republican  River,  drainage  area  of,  at 

Junction,  Kans 141 

drainage  area  of,  near  Superior.  Nebr .  140 

measurements  of > 140-141 

Resaca,  Qa. ,  stream  measurements  at 90 

Rhead,  J.  L.,  aclniowledgments  to 18 

Rialto  canals,  California,  stream  measure- 
ments at  head  gates  of 223 

Richmond,  Va.,  rainfall  at 46, 48, 50 

Rio  Grande.  N.  Mex.,  stream  measure- 
ments at 154 

Rio  Orande,  drainage  area  of,  at  Cenicero, 

Colo 153 

drainage  area  of,  at  Embudo,  N .  Mex .  154 

at  Rio  Orande,  N.  Mex 154 

near  Del  Norte,  Colo 153 

near  El  Paso,  Tex 156 

near  San  Marcial,  N .  Mex 155 

measurements  of 15:3-180 

Rio  Orande  Southern  Railroad,  acknowl- 
edgments to 18 

Biver  stations,  map  showing,  in  Apalachi- 

cola  River  Basin 77 

in  James  River  Basin 42 

in  Mobile  River  Basin 81 

in  South  Platte  River  Basin 131 

in  Talla]K>08a  River  Basin 84 

in  United  States 12,13 

in  Uppyr  Missouri  River  Basin. . .  114 
RiverHido,    Ala.,  stream   measurements 

near 91 

RiverHido  Water  Company,  acknowledg- 
ments to  16 

Biverton,    Va.,    stream     measurements 

near 36 

Roanoke,  Va.,  Ktrenm  measurements  at .  53 

Boauoke  County,  Va..  rainfall  in 45,48 

Boauoke  River,  drainage  area  of,  atNeal, 

N.  C * 54 

diaiuago  area  of,  at  Roanoke,  Va 53 


Roanoke  River,  measnrements  of aS-64 

Rockbridge  County,  Va.,  rainfall  in #^47 

Rockhill,  S.  C,  stream  measurements  at .        j£> 

Ro(*kingham  County,  Va.,  rainfall  in 45, 47 

Rome,  Oa.,  stream  measurements  at ife) 

Rondont  Creek,  New  York,  station  e«;tal>- 

Ushedon I* 

Roeendale,  N.  Y.,  station  established  at  19 

Rosewood,  Cal.,  rainfall  at fih 

Roes,  D.  W.,  acknowledgments  to. 17 

report  on  irrigation  by ISC 

Rumford  Falls,    Me.,  stream   measmre- 

mentsat ±2 

Rumford  Falls  Power  Company,  aid  by . .        Iv 
Run-off,  depth  of,  in  inches,  table  for  con- 
version of,  into  acre-feet  per 

squaremile 236 

from  Aloovy  River  Basin 7j 

from  Appomattox  River  Basin 49. .« > 

from  Apalachee  River  Basin 74 

from  Bear  Creek  Basin 135 

from  Big  Thompson  Creek  Basin 135 

from  Boulder  Creek  Basin 1S» 

from  South  Boulder  Creek  Basin 1.^ 

from  California,  diagram  showing . . .      £S 
from  Oallatin  River  Basin,  Montana.      ll<i 

from  James  River  Basin 49.St* 

from  Jefferson  River  Basin,  Montana .      1 17 

from  King  River  Basin 227.2«» 

from  Madison  River  Basin,  Montana,      llfi 

from  Missouri  River  Basin 117-11^ 

from  Mohave  River  Basin,  Oslifomia.      2li 
from  North  (of  James)  River  Basin. .  49.  .V 

from  Oconee  Basin,  Middle 74 

from  St.  Vrain  Creek  Basin 15> 

from  San  Joaquin  River  Basin,  Cali- 
fornia   - 21) 

from  San  Mateo  Creek  Basin.  Cali- 
fornia       *ft< 

from  South  Platte  River  Basin 136. 137 

from  Ocmulgee  River  Basin 75. 76 

from  Tallapoosa  River  Basin A> 

from  Oconee  River  Basin 74,77>.76 

from  Salt  Springs  Valley,  California  .      ±9 
from  Sweetwater  Beeervoir  Basin. 

Califomia SI 

from  Towaliga  Biver  Basin 73 

from  West  Oallatin  Basin,  Montana. .      117 

fi*om  Yellow  Biver  Basin 74 

relation  of  rainfall  to, in  Califomia.  SS-^iU 
Bussell.W.O.,  acknowledgments  to 15 

S. 

Sacramento  Biver,  Califomia,  drainage 

area  of,  at  Jellys  Ferry 210 

measurements  of 2H» 

rainfall  stations  in  basin  of 2fr 

St.  Clair  County,  Ala. ,  rainfall  in 86,  ."V 

St.  John ,  E. ,  acknowledgments  to 17 

St.  Mary  Biver,  Montana,  draicage  area 

of,  at  Main 113 

measurements  of 113 

St.  Vrain  Creek,  Colorado,  drainage  area 

of ,  near  Lyons IS 

measurements  of VS 

run-off  from  basin  of 1.% 

Salem,  Va..  rainfall  at 45.4^.3(» 
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SalesTille.  Mont.,  run-off  from  West  Gal- 

latinBaiiinat 117 

stream  measurements  near 118-119 

Salina,    Eans.,    stream    meaeurementiii 

near 142 

Salina,  Utah,  stream  measurements  near .  19tf 
Salina  Creek.  Utah,  ditiinage  area  of,  near 

Salina 186 

measurements  of , 190 

Salinas,  C^l.,  stream  measurements  near.  'HI 
Salinas  River,  California,  drainage  area 

of ,  near  Salinas 221 

measurements  of 219-221 

Saline  River,  Kansas,  drainage  area  of. 

nearSalina 142 

measurements  of 142 

Salisbury,  N .  C . .  stream  measurements  at .  57 
Salt  River,  Arizona,  drainage  area  of.  at 

reservoir  site 178 

drainage  area  of.  near  McDowell 179 

measurements  of 178,179 

Salt  Springs  Valley,  California,  features 

of 228-229 

rainfall  and  run-off  records  of 229 

Saluda  River,  South  Carolina,  drainage 

area  of,  at  Waterloo 61 

measurements  of 61 

San  Antonio  Creek,  California,  drainage 

area  of .  near  Jolon 22() 

measurements  of 220 

San  Carlos,  Ariz.,  stream  measurements 

at  179-180 

San  Diego  LaDd  and  Town  Company,  ac- 
knowledgments to 16 

San  Francisco  Bay  drainage,  investiga- 
tions relating  to 209-219 

San  Gabriel  River,  California,  drainage 

area  of ,  above  Azusa 222 

measurements  of 222-228 

Ban  Joaquin  River,  California,  drainage 

area  of,  at  Hemdon 216 

measurements  of 212-217 

run-off  from,  depth  of 25)0 

San  Lorenzo  Creek,  California,  drainage 

area  of.  near  King  City 220 

measurements  of 220 

San  Marcial,  N.  Mex.,  stream  measure- 

mentsnear 155 

San  Mateo  Creek,  California,  rainfall  and 

run-off  in  watershed  of 228 

San  Pitch  River.  Utah,  drainage  area  of, 

nearGunnison 196 

measurements  of 196 

Sanborn,  K.,  acknowledgments  to 16 

Santa  Ana  River,  California,   drainage 

area  of,  near  Warmsprings. . .  224 

measurements  of 224 

Santa  Pe  Railroad,  acknowledgments  to.  16, 18 
Sappington,  Mont.,  run -off  from  Jeffer- 
son River  Basin  at 117 

stream  measurements  at 120 

Savage, H.N., acknowledgments  to 16 

Savannah  River,  drainage  area  of,  at  Au- 

gusta,Ga 54 

drainage  area  of,  near  Calhoun  Falls, 

8.C 63 

« 


Page. 

Savannah  River,  measurements  of 62-<6& 

Schenectady,   N.   Y.,   stream  measure- 

mentsat 25 

Scott,  T.  K. ,  acknowledgments  to -.        17 

Seaboard  Air  Line  Railroad,  acknowledg- 
ments to 17 

Sebago  Lake,  Maine,  stream   measure- 
ments at  outlet  of 22 

Second  Qarrote.  Cal. ,  elevation  of 227 

Selma.  Ala. ,  stream  measurements  at 98-94 

Sevier  River,  Utah,  di*ainage  area  of,  near 

Gunnison 197 

measurements  of 196-197 

Sharpsburg,  Md.,  stream  measurements 

near 36 

Shasta,  Cal.,  rainfall  at 228 

Shenandoah  River,  drainage  crer,  of,  at 

Millville.W.Va ',» 

drainage  area  of  North  Branch  of, 

near  Riverton,Va 36 

of  South  Branch  of,  near  Front 

Royal,  Va 37 

measurements  of 38-39 

of  North  Branch  of 36 

of  South  Branch  of 37-38 

Shoshone  Falls,  Idaho,  plate  showing 200 

Silverbow  County,  Mont. ,  rainfall  in 115 

Sioux  Falls,  S.  Dak., stream  measurements 

near 124 

Sissons,  Cal.,  rainfall  at J»i 

Skowhegan,  Me.,  view  at,  showing  de- 
str  uc  tionof  property  by  freshet 

on  Kennebec  River 22 

Smith,  E.  A.,  acknowledgments  to 15, 16 

Smith.  G.  E.,  acknowledgments  to 15 

Smoky  Hill  River,  Kansas,  drainage  area 

of ,  at  Ellsworth 143 

measurements  of 143 

Snake  River,  Idaho,  dam  site  on,  plate 

showing  location  of 198 

measurements  of 201 

Shoshone  Falls  on,  plate  Fihowing 200 

Thousand  Springs  on,  plate  showing. .      2ai 

Twin  Falls  on,  plate  showing 198 

Soleduck   River,  Washington,  drainage 

area  of,  near  Quillayute 209 

measurements  of 209 

Solomon  River,  Kansas,  di'ainage  area  of, 

nearNiles 142 

measurements  of 142 

Sonora,  Cal.,  elevation  of 227 

South  Boston,  Va.,  stream  measurements 

at 52^S 

South  Boulder  Creek,  Colorado,  drainage 

area  of,  near  Marshall 128 

measurements  of 128 

mn-off  from  basin  of 136 

South  Cairo,  N.  Y.,  station  established 

at 19 

South  Carolina,  hydrographlc  work  in .  59-61 ,  63 

South  Dakota,  hydrographlc  work  in 124 

South  Platte  River,  Colorado,  drainage 

area  of,  at  Denver 127 

drainage  area  of ,  at  Kersey 130 

measurements  of 127-130,132 

rainfall  in  upper  basin  of 1:^-137 
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8<»uth  Plat  to  River.  C'olorado.  rainfall  sta- 
tions in  baniu  of,  table  show- 
ing        132 

run-off  from  Ijasin  of 19$,  IJiT 

Southern  Atlantic  coast  drainage 51-76 

Southern  California  drainage,  inreHtiga- 

tions  relating  to 21»-5»4 

Southern  California  Railroad,  acknowl- 

edgmentHto IB 

Southern  Pacific  Company,  acknowledg- 
ments to  IH, 18 

Southern  Railway,  acknowledgments  to         IT 
Spanish  Pork,  Utah,  drainage  area  of, 

near  Mapleton 194 

meamiroments  of Ift4 

Spokane,  Wash. .  stream  measurements  at     2fX) 
Si)okane   River.   Wa.shington,    ditiinage 

area  of,  at  Sixikane. an«) 

measurements  of JSX) 

Spottsylvania  County,  Va..  rainfall  in . . .  45,47 
Spring  Valley  Water  Company,  rainfall 

and  run-off  records  by 228 

Springfield.  W.  Va.,  adandonment  of  sta- 
tion near dQ-M 

stream  measurem-.'nts  near 34-^5 

Stanardsville,  Va.,  rainfall  at 45, 48, 50 

Stanislaus  River,  California,  rainfall  in 

basin  of 229 

Staunton,  Va.,  rainfall  at 45,48,50 

Staunton  River,  Virginia,  drainage  area 

of,  at  Randolph 52 

mea.surement8  of 62 

Steamboat  Ci*eek,  Nevada,  drainage  area 

of,  at  Steamboat  Springs 185 

measurements  of 185 

Steamboat  Springs,  Nev.,  stream  meas- 

urementsat 185 

Stony  Creek,  California,  drainage  area  of, 

nearFruto 211 

measurements  of 21 1 

Stout,  O.  V.  P.,  acknowledgments  to 15 

Strahan,  C.  M.,  acknowledgments  to 17 

Sugar  l>eetH,  irrigation  of,  plate  showing.      222 

Sugar  Loaf.  (^olo..  rainfall  at 138, 136, 137 

Summit  County,  Colo.,  rainfall  in..  198.133,1:37 
Sunk  Haze  Rips.  Me.,  stream  measure- 
ment** at 19 

Sui)erior,  Nebr.,  stream  measurements 

near 140 

Susan  River.  California,  drainage  area 

of,  near  Susan ville 190 

measurements  of 190 

Susanna,    Ala.,    stream    measurements 

near 8:^ 

Snsanville.  Cal.,  stream  measurements 

near IW) 

Sustjuehanna    River,    drainage   area   of 

North  Branch  of,  at  Danville.        30 
drainage  area  of,  at  Hairi.sburg,  Pa..       32 

measurements  of. 32 

of  North  Branch  of 30 

Swanton,  Ohio,  rainfall  at Ill 

Sweetwater  resei^voir  basin,  California, 
evaporation  and  run-off  rec- 

ordiof 231 

Swendsen,  G.  L.,  acknowledgments  to  ..        16 


T.  Pti5e. 

Tahoe,  Oal.,  stream  measurements  at l<t 

Talladega  County,  Ala.,  rainfall  in  - . .  86. .-s,!*^ 
Talladega  Creek.  Alal>ama,  drainage  area 

of ,  at  Nottingham 9i 

measurements  of ^ 

Tallapoosa    River,   Alal)am.i.    drainage 

area  of ,  near  MilsU>ad Wi 

drainage  area  of.  near  Sus:inna .<? 

measurements  of !y.,<» 

rainfall  in  basin  of s:)-!* 

run-off  from  basin  of ss 

stations  in  ba.«-  i  u  of,  map  showing M 

Tallassee,  Ala.,  rainfall  at 86.  {<:.  s^ 

Tallulah  Falls,  Georgia,  stream  measure 

mentsat tit 

Tallulah  River,  Ga.,  drafnage  ai-ea  of,  at 

Tallulah  Falls Ki 

measurements  of i:? 

Taylor,  L.  H.,  acknowledgments  to \h 

reference  to  paper  by IM 

Taylor,  T .  U. ,  acknowledgments  to i j 

reference  to  pipers  by U9 

Tenmile  River.  New  York,  station  c^ab- 

lished  on 1h 

Tennessee,  hydrographic  work  in.  1(&-1(H,10T 

liK  hv 
Tennes.see  River,   drainage  area    of,  at 

Chattanooga m» 

drainage  area  of.  at  Knox  ville li« 

gaging  station  on,  at  Chattanooga, 

plate  showing..^ im 

measurements  of HB-lit* 

Texas,  hydrographic  work  in. ..  150-1.52, 155-1«>« 
Thermopolis,    Wyo.,    stream    measure- 

mentsnear 12> 

Thomi>8on,  A.  H.,  reference  to  work  of..  \:i 

Thompson,  J.  S.  B.,  acknowledgments  to.  17 

Thousand  Springs,  Idaho,  plate  showing .  3^ 
Toccoa  River,  Gt*orgia,  drainage  area  of. 

near  Blueridge lt>* 

measurements  of iifr 

Tohickon  River,  Pennsylvania,  drainage 

area  of,  at  Point  Pleasant S^ 

measurements  of *^ 

Tombigbee  River,  drainage  area  of,  at 

Columbus,  Miss «*T 

drainage  area  of,  at  Epes,  Ala ^ 

measurements  of 91  yt^ 

Tonto  Creek,  Arizona,  drainage  area  of, 

near  Livingston \> 

measurements  of __  1> 

Towaliga  River,  Georgia,  drainage  area 

of,  near  Juliette 7* 

measurements  of 7> 

run-off  from  basinof Z* 

Towers,  W  M.,  ac^knowledgmentsto K 

Townsend,  Mont.,  rim-off  from  Misfonri 

River  Basin  at IIT 

stream  measurements  near 1^ 

Trenton  Falls  gorge.  West  Canada  Ci-eek., 

New  York,  plate  showinfp # 

Truckee  River,  drainage  area  of,  at  Ne- 
vada-Calif ornia  State  line >> 

drainage  area  of,  at  Vista,  Nev I* 

measurements  of I.*<0,  lS4-l'^v  1?* 

reservoirs  sites  suveyed  in  basin  of . .  l< 
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Trumbull,  Frank,  acknowledgments  to..  18 
Twkasegee  River.  North  Carolina,  drain- 
age area  of ,  at  Bryson 104 

measurements  of 104 

TugahK)  River,  South  Carolina,  drainage 

area  of,  near  Madison 65? 

measurements  of 83 

Tule  River,  California,  drainage  area  of, 

near  Portersville 218 

measurements  of 218 

Tuolumne  River,  California,  drainage 
area  of,  at  Hetoh  Hetohy  Val- 
ley dam  site 212 

di'ainage  area  of,  at  Lagrange 2M 

measui-enients  of 212,214 
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OBSERVATIONS  ON  THE  FLOW  OF  RIVERS  IN  THE  VICINITY 

OF  NEW  YORK  CITY. 


By  H.  A.  Pressey. 


INTRODUCTION. 

One  of  the  chief  resources  of  the  United  States  is  its  water  supply. 
The  prominent  industrial  position  of  several  States  is  due  larj^ely  to 
the  abundance  of  their  available  water.  It  has  recently  bcMi  stated 
that  "the  preeminent  position  of  the  State  of  New  York  is  due  almost 
entirely  to  her  great  natural  resources;"  that  "her  inland  rivers,  with 
their  great  water  powers,  have  been  in  the  past  and  will  continue  to 
be  in  the  future  a  perpetual  source  of  wealth,"  and  that  "the  history 
of  the  State's  progress  during  the  nineteenth  century  is  largely  a 
history  of  the  development  of  her  watjor  resources."  These  remarks 
apply  quite  as  aptly  to  some  of  the  New  England  States,  as  they 
could  not  have  held  the  front  rank  in  the  industrial  world  for  so  many 
years  were  it  not  for  the  very  extensive  utilization  of  the  magnificent 
waterfalls  of  that  region.  In  the  Southern  Atlantic  States  the  gi*eat 
developments  during  the  last  few  years  are  due  largely  to  the  develop- 
ment and  utilization  of  water  powers. 

There  is  not  a  State  along  the  Atlantic  coast,  except  Delaware,  that 
does  not  contain  water  powers,  developed  and  undeveloped,  and,  con- 
trary to  the  opinion  of  man}',  there  never  was  a  d(H»ade  in  the  history 
of  our  country  when  the  development  of  water  power  made  such 
strides  as  during  the  last  ten  years.  Acconling  to  the  r(»turns  of  tlie 
Twelfth  Unite<l  States  Census  the  increase  in  the  utilization  of  water 
power  in  the  United  States  in  the  ten  years  from  181H)  to  1  OCX )  was 
about  30  per  cent,  or  472,301  horsepower.  In  souk*.  Stat(?H  tliis  increase 
was  remarkable,  as,  for  instance,  in  Maine,  where  in  tlu*  last  decade 
the  develoi)ed  power  increased  GO  per  cent. 

The  importance  of  our  water  powers  as  a  source  of  wealtli  can  hardly 
be  overestimated.  This  power  is  not  confined,  however,  to  the  East- 
ern States,  for  in  the  great  Central  Northwest,  on  the  Pacific  slope, 
and  elsewhere  there  are  water  powers  of  great  size  and  value,  many 
of  which  form  the  basis  of  the  industrial  life  of  large  communities. 
In  the  broad,  flat  plains  of  the  United  States  west  of  th(^  Mississippi 
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the  rivers  are  valuable  from  another  st>andpoint.  In  this  region  the 
streams  commonly  lack  the  fall  required  for  power  development,  but 
here  the  water  supply  is,  perhaps,  more  vital  to  the  life  of  the  regrion 
than  in  the  coastal  States.  Great  areas  of  land  depend  for  water 
largely  upon  the  rivers  in  their  vicinity  and  upon  artificial  means  for 
raising  and  distributing  it  over  their  soils.  Without  water  there  can 
bo  no  life  in  this  region ;  with  water,  vast  areas  can  be  reclaimed  as 
agricultural  land  of  great  fertility. 

In  most  parts  of  the  country  the  public  water  supply  of  the  cities 
and  towns  must  be  derived  from  the  rivers.  Large  sums  are  exi>ende<i 
every  year  in  conducting  water  from  the  streams  to  the  centers  of 
population:  Before  this  money  is  expended  it  is  of  the  greatest 
imi)ortance  to  know  that  there  is  sufficient  water  at  all  times  for  the 
use  of  the  town.  Too  often  have  great  hydraulic  w^orks  l>een  built 
before  prox)er  investigation  has  been  made  of  the  flow  of  a  stream, 
and  groat  financial  loss  has  resulted. 

It  is  to  furnish  information  upon  which  to  base  estimates  of  avail- 
able water  supply  that  the  Hydrographic  Division  of  the  ITnited 
States  Geological  Survey  has  been,  during  the  last  fourteen  years,  col- 
lecting data  in  regard  to  the  flow  of  rivers  in  the  United  States,  and 
their  variation  from  season  to  season  and  throughout  a  series  of  years. 
The  necessity  for  such  data  is  frequently  brought  to  the  attention  of  the 
engineer,  sometimes  in  a  most  startling  manner.  The  lack  of  this 
information  frequently  leads  to  the  most  disastrous  mistakes  in  the 
construction  of  hydraulic  works.  One  of  the  best  examples  of  this 
in  the  design  of  a  hydraulic  plant  was  the  construction  of  a  dam  and 
water-power  plant  at  Austin,  Tex.  After  an  expenditure  of  11,600,000 
it  was  found  that  a  grave  mistake  had  been  made  in  the  estimate  of 
the  low- water  flow.  The  works  were  constructed  by  the  city  in  accord- 
ance with  a  vote  of  the  citizens  of  Austin  in  1890.  It  was  estimated 
that  14,000  horsepower  could  be  developed,  and  the  people  felt  that 
their  city  was  to  become  a  great  manufacturing  center.  No  hydro- 
graphic  data  had  been  collected,  except  from  the  hazy  memor>'  of  the 
** oldest  inhabitant."  In  the  spring  of  1890  a  measurement  of  flow 
giving  1,000  cubic  feet  per  second  was  taken  as  the  minimum.  This 
estimate  was  mores  than  five  times  too  great,  as  was  shown  by  8uh.se- 
quent  measurements.  An  efror  of  500  per  cent  had  Ix^en  made  m 
the  estimatx%  but  this  was  not  ascertained  until  the  works  were  nearly 
(•ompleted. 

Mistakes  of  this  kind  have  occurred  in  every  part  of  the  country 
in  hydraulic  works.  The  Sweetwater*  dam  in  California  in  a  good 
example  of  a  project  carried  through  on  insufiicient  data,  llie 
dam  was  built  after  a  series  of  wet  years  and  was  soon  after  filled 
to  overflowing,  so  that  increased  spillways  were  constructed,  but 
since  that  time  the  wati»r  in  the  reservoir  has  never  reached  an  eleva 
tion  near  the  crest  of  the  spillways,  and  during  most  of  the  time  there 
has  been  the  greatest  scarcity  of  watei*. 
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The  Bear  Valley  dam  is  a  more  marked  case,  as  the  reservoir  formed 
by  the  dam  has  been  practically  dry  for  several  years,  so  that  wells 
have  been  driven  in  the  bottom  of  it. 

The  Gila  Bend,  Arizona,  project  is  another  example  of  the  expendi- 
ture of  a  large  sum — $900,000 — upon  insufficient  data,  and  subsequent 
abandonment  of  the  scheme.  In  this  project  the  dam  was  carried 
away  before  its  completion,  but  had  it  been  completed  the  scheme 
must  have  proved  a  financial  failure. 

Many  diversion  canal  projects  for  irrigation  have  been  either  par- 
tial or  complete  failures  on  account  of  shortage  of  water;  that  is, 
developments  have  been  made  far  beyond  the  capacity  of  the  stream. 

A  great  number  of  water-power  plants  have  been  constructed  upon 
insufficient  data,  and  later,  auxiliary  steam  has  been  found  neces- 
sary. Allowance  was  not  made  in  the  original  estimates,  so  that  in  a 
number  of  instances  the  project  has  been  found  unprofitable.  Knowl- 
of  the  fiood  flow  is  also  of  great  importance  in  designing  the  dams  and 
waste  ways. 

Frequently  the  cause  of  such  errors  is  a  complete  ignorance  of  the 
hydrographic  conditions  in  the  drainage  basin  of  the  stream  and 
often  of  the  region  in  which  the  stream  is  located.  In  a  few  cases  no 
adequate  efforts  have  been  made  to  obtain  information;  perhaps  a 
single  measurement  may  have  been  made  at  a  time  when  a  local  res- 
ident informed  the  investigator  that  the  **  river  is  now  as  low  as  it 
ever  gets."  In  order  to  test  the  accuracy  of  such  methods,  the  writer 
has  often  asked  old  inhabitants  on  the  banks  of  the  river  as  to  tlie 
variation  in  the  river  height,  and  has  been  informed  that  "it  is  now 
at  its  lowest  stage;"  or,  that  '*it  never  falls  more  than  2  or  3  inches 
below  its  present  height."  At  a  later  visit  to  the  stream  in  the  same 
season  the  river  surface  has  been  found  to  be  at  an  elevation  2  or  3 
feet  below  its  previous  stage.  The  word  of  the  oldest  inhabitant  is 
sometimes  fairly  reliable  as  to  high  water,  but  his  information  as  to 
low- water  stages  should  be  carefully  checked,  and  the  fact  that  a 
number  of  the  inhabitants  say  that  the  river  never  goes  lower  is  not 
sufficient  evidence  upon  which  to  construct  hydraulic  works. 

Rainfall  data  are  often  used  in  discussing  the  variation  of  flow  of 
a  stream,  and  numerous  theories  and  formulas  are  applied  to  show 
that  the  flow  can  never  fall  below  a  certain  amount,  these  theories  to 
be  sadly  shaken  later,  when  measurements  are  made  and  tlie  facts 
ascertained.  In  a  few  cases  greater  weight  has  been  giv<*n  to  these 
theories  than  to  actual  measurements,  even  though  the  measurements 
were  made  by  a  careful  and  reliable  engineer.  The  measurements 
were  lower,  perhaps,  than  theory  would  suggest,  and  therefoi'e  the 
measurements  must  be  wrong. 

In  studying  the  flow  of  a  stream  every  possible  source  of  informa- 
tion should  be  utilized — in  en  th(^  ideas  of  the  oldest  inhabitants — but 
to  most  engineers  it  is  very  reassuring  to  know  that  actual  measure- 


12  FLOW    OF   EIVKRS   NEAB   NEW    YOBK    CITY.  [bo. TIL 

ments  of  the  discharge  have  been  made  and  are  available  for  use.  If 
measurements  of  the  stream  under  consideration  have  not  been  made, 
then  results  obtained  from  measurements  of  rivers  in  the  immediate 
vicinity  can  be  used  to  advantage,  care  being  taken  that  the  hydro- 
graphic,  topographic,  geologic,  and  forest  conditions  in  the  two  basins 
are  similar. 

As  an  example  of  the  difficulties  under  which  a  prospective  investor 
labors,  there  are  now  before  the  writer  reports  upon  a  certain  stream 
in  New  York  State  made  by  five  different  engineers,  all  of  good 
standing,  in  which  estimates  of  the  minimum  flow  of  the  stream 
under  consideration  vary  from  0.20  to  0.40  cubic  foot  per  second  per 
square  mile;  that  is,  the  minimum  flow  given  by  one  engineer  is  just 
twice  that  given  by  another.  As  the  development  of  a  water  power  is 
limited  largely  by  the  low-water  flow,  the  uncertainties  arising  from 
such  divergent  opinions  are  apparent.  Since  these  reports  were 
made  (19(X)-1901)  the  flow  of  this  sti'eam  has  been  measured,  and  the 
lowest  estimate  made  by  the  engineers  has  been  shown  to  be  at  least 
100  per  cent  too  great.  In  estimates  of  this  kind  facts  are  needed — 
that' is,  actual  measurements  of  discharge. 

Ko  further  discussion  is  probably  necessary  to  convince  most 
thinking  people  that  the  measurement  of  the  larger  streams  of  the 
United  States  is  an  important  undertaking,  and  that  capital  will  be 
invested  in  power  developments,  irrigation,  sanitary  and  other 
hydraulic  works  more  freely  when  information  as  to  the  flow  of  the 
streams  is  available. 

In  making  measurements  of  streams  it  is  of  course  desirable  that 
rapid  and  economical  methods  be  used,  if  such  are  of  sufficient  acca- 
racy.  Methods  of  stream  measurements  have  been  discussed  in 
Water-Supply  Paper  No.  56,  and  it  is  not  the  purpose  of  this  paper  to 
deal  with  that  question  extensively,  but  rather  to  point  out  cert>ain 
facts  (levelopt^d,  during  the  last  few  months,  by  measurements  of 
streams  in  the  southern  part  of  New  York  State,  with  the  idea  that 
some  of  the  data  obtained  from  these  measurements  may  be  useful  in 
studying  the  flow  of  other  streams  and  may  assist  in  the  selection  of 
methods  that  will  expedite  the  work  and  yet  give  results  sufficiently 
acicurate  for  all  practical  puiiM)8es. 

In  considering  the  future  demands  of  the  city  of  New  York  for 
watei-  several  additional  sources  of  supply  have  been  suggested :  Hou- 
satonic  River,  Tenmih^  River,  Wallkill  River,  Rondout  Creek,  Esopus 
Greek,  and  Catskill  Creek,  the  Hudson  River  or  some  of  its  upper 
tributaries.  Lake  (^eorge.  Lake  Champlain,  and  the  Great  Lakes. 
The  three  last-named  sources  have  betm  discussed  in  print  somewhat 
extensively «  and  will  not  be  taken  up  here.  It  has  been  found  that 
the  supply  from  Lake  George  would  not  be  adequate;   that  Lake 

n  Reiwrt.  of  Mc'rcbante'  Association  of  New  York  on  tho  water  supply  of  the  city  of  New  York, 
Augrust,  19U0. 


PRE88ST.] 


INTRODUCTION. 


13 


Champlain  is  at  too  low  an  elevation  for  economical  use,  and  that  the 
supply  from  the  Great  Lakes  would  entail  great  and  unne< pessary 
expense.  The  water  from  the  Hudson  River  might  be  taken  near  its 
headwaters  and  conducted  to  New  York  City  by  a  long  aqueduct,  or 
the  intake  might  be  located  just  above  Poughkeepsie,  in  which  case 
the  water  would  have  to  be  pumped  from  the  river  and  filtered  before 
delivery  to  the  city.  In  either  case  it  is  important  to  know  the  dis- 
charge of  the  Hudson  at  various  seasons  of  the  year  to  det<n'mine  the 
quantity  available  and  also  the  effect  of  the  diversion  of  water  upon 
the  regimen  of  the  river. 

The  United  States  Geological  Survey  hfis  for  several  yeai-s  l)een 
measuring  the  daily  flow  of  streams  throughout  the  UniUnl  States, 
the  results  of  these  measurements  being  used  for  different  purposes, 
including  irrigation,  water-power,  and  sanitary  constructions. 

Measurements  of  flow  of  Schroon  River  at  Warrensburg  and  of  the 
Hudson  at  Fort  Edward  and  Mechanicville  have  been  nuule,  also  of 
the  Mohawk  and  its  chief  tributaries  at  various  points,  and  the  results 
of  these  have  been  published  in  the  annual  reports. 

The  measurements  of  the  rivers  discussed  in  this  paper  were  started 
at  the  suggestion  of  Mr.  George  N.  Birdsall,  chief  engineer  Bureau  of 
Water  Supply,  New  York  City,  in  order  that  data  might  be  available 
for  investigations  as  to  additional  water  supply  for  New  York  City. 
The  following  stations  were  established  by  the  United  States  Geo- 
logical Survey  during  the  summer  of  1901  and  have  been  maintained 
continuously  since  that  time. 

Oaging  stations  on  rivers  near  New  York  City, 


Strwni. 


Location  of  gaging  station. 


Tenmile  River  _ . 
Hoasatonic  River 
Catskill  Creek .. . 
Esopns  Creek  _ . 
WallkiU  River  . 
Rondont  Creek . . 
Fishkill  Creek... 


Drainage  urea — 


Alx>ve 
propoHecl 
reservoir. 


Above 
g»^ng 
station. 


Above 
mouth. 


Dover  Plains,  N.  Y  . 
Gay  lords  ville.  Conn 
South  Cairo,  N.  Y  _ . 
Kingston,  N.  Y-.- 
New  Paltz,  N.  Y. . . . 

Rosendale,  N.  Y 

Glenham,  N.  Y 


iSr/.  niilen.  \  *SV/.  in  ilea. 


200 

195 

1,020 

1 ,  020 

140 

260 

242 

312 

464 

735 

184 

365 

158 

198 

Sq.  miles. 
195 
1,580 
894 
417 
779 
«369 
204 


a  Above  junction  with  Wallkill  River. 

A  reconnaissance  of  each  of  these  streams  was  made,  and  stations 
were  selected  at  i)oints  where  measurements  could  be  most  accurately 
made,  and  as  far  as  practicable  at  points  where  it  was  thought  knowl- 
edge of  the  flow  would  be  most  desired  in  the  future  study  of  these 
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WHt4»r8ho<l8  as  sources  of  increased  supply  for  New  York.  The  results 
of  the  observations  at  these  stations  have  been  published  in  the 
Wat4»r-Supply  Papers  of  the  Survey.  The  height  of  the  water  at  each 
station  has  l^en  noted  twice  each  day  by  a  local  observer  and  current- 
met(»r  measurements  have  l>een  made  at  frequent  intervals  by  a  hydrog- 
rapher.  From  these  meter  measui'ements  a  rating  curve  has  been 
drawn  for  ea(*h  station  which  shows  the  relation  between  the  height  of 
tlu^  water  in  the  river  and  the  discharge.  From  this  curve  and  the 
daily  mean  gage  height  the  flow  of  the  river  for  each  day  in  the  year 
since  the  establishment  of  the  station  can  lie  determined.  These  data 
will  ]k»  of  the  gnnitest  importance  to  the  engineers  selecting  the  soun?e 
of  supply,  as  they  furnish  the  first  continuous  record  of  the  flow  of 
thcrti*  streams  and  give  a  basis  ufmn  which  to  compute  the  supply 
available  from  each  stream,  which,  with  the  topographic  mai>8  of  the 
survey  and  the  deUiled  surveys  of  the  reservoir  sites,  will  give  com- 
plete <lata  for  the  estimate  of  the  <iuantity  of  water  that  can  be  fur- 
nislu»d  by  each  of  these  drainage  basins  and  of  the  relative  cost  per 
million  gallons  of  the  sux)ply  from  each. 

In  addition  to  the  measurement  of  the  discharge,  dett*rminations  of 
turbidity,  color,  alkalinity,  and  hardness  have  l)een  made  upon  each 
of  tlH»se  streams  and  are  now  being  continued,  and  it  is  thought  that 
these*  data  will  prove  valuable  in  the  final  selection  of  the  new  soun»e 
of  supply.  Results  are  given  in  the  Water-Supply  Papers  of  the 
United  States  Geological  Survey,  and  are  tabulated  at  the  end  of  this 
papier. 

In  making  UHgings  at  these  stati()ns  it  was  thought  desirable  to 
investigate^  the  variations  of  flow  in  different  parts  of  the  river  channel, 
in  order  to  d(*t(M'mine  at  wliat  points  the  velocity  could  be  measured 
to  asc(vrtain  tlie  mean  vehxrity  in  the  channel  without  unnecessary 
expense  or  loss  of  time.  Before  taking  up  the  measurements  and  the 
vertical  velocity  curves  constructed,  it  may  not  be  out  of  place  to 
descrilje^  briefly  some  of  the  methods  used  for  the  measurement  of 
streams. 

METHODS    OF    MKASURING    VEIiOCITY    IN    RIVER    CHAN- 

NEIiS. 

There  are  in  common  use  a  number  of  methods  of  measuring  the 
flow  of  rivers.  In  general  these  involve  the  determination  of  the  mean 
velocitv  of  the  current  and  the  area  of  the  cross  section  of  the  stream. 
The  latter  is  easily  computed  from  soundings  made  at  frequent  inter- 
vals across  the  channel.  These  soundings  must  be  taken  at  intervals 
so  short  that  the  bottom  of  the  river  may  be  considered  a  straight  line 
between  soundings.  Usually  the  velocity  of  the  current  is  deter- 
mined in  sections  of  the  river  channel,  these  sections  extending 
between  the  points  of  soundings.  The  summation  of  the  area  of  each 
of  these  sections  gives  the  total  area  of  the  cross  section.     When  the 
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total  flow  of  the  river  is  known  and  is  divided  by  the  area  of  the 
cross  section  the  result  is  called  the  mean  velocity  of  the  river.  It  is 
this  mean  velocity  that  we  try  to  determine  in  any  method  of  stream 
measurement,  but,  as  a  matter  of  fact,  it  can  not  be  actually  deter- 
mined until  the  total  flow  is  known. 

In  the  determination  of  the  mean  velocity  of  the  current  there  are  a 
numl>er  of  methods  giving  results  more  or  less  accurate,  all  of  which 
shoukl  be  familiar  to  the  engineer,  so  that  the  method  best  suited  to 
the  conditions  at  hand  may  l)e  applied. 

FLOATS. 
GENERAL  METHODS. 

Floats  are  frequently  employed  to  determine  the  velocity  of  the 
current.  There  are  three  general  types  in  common  us<*:  First,  sur- 
face floats;  second,  subsurface  or  double  floats;  third,  tuln^  or  rod 
floats.  The  general  method  of  procedure  is  the  same  whicliever  form 
of  float  is  used.  The  site  for  making  a  float  mejusurement  should  Ih^ 
<m  a  straight  reacli,  having  a  fairly  uniform  c^ross  s(^cti(m.  The  flow  of 
the  water  .should  be  regular,  without  sudden  rapids  or  stretches  of  still 
water,  and  should  exhibit  no  tendencies  to  form  eddies  or  cross  cur- 
rents claused  by  irregularities  in  the  channel  or  resulting  from  the 
effect  of  a  sharp  l>end  above  the  reach.  The  courae  of  the  floats 
should  have  a  length  of  from  100  to  300  feet,  and  th(^.  ai*eas  of  cross 
section  at  the  upper  and  lower  ends  of  this  course  shoukl  be  carefully 
clet<M'mined  by  soundings.  When  courses  more  than  100  feet  in  length 
are  selected,  it  is  desiral)le  that  additional  cross  stM'tions,  at  equal 
intervals  from  one  another,  should  te  measured.  As  a  preliminary 
8t.ep,  a  base  line  should  be  laid  out  by  tape  on  the  bank  as  nearly  as 
possible  parallel  with  the  stream,  and  points  should  be  marked  oppo- 
site the  cross  sections  to  be  used.  If  the  stream  is  not  too  wide  the 
soundings  in  the  cross  sections  can  be  taken  most  conveniently  along 
a  tagged  rope  stretched  across  the  channel  at  right  angles  to  the  base. 
If  the  depth  does  not  exceed  4  feet  this  can  be  done  by  wading,  the 
depth  being  read  on  a  rod  graduat-ed  to  feet  and  tenths.  Should  the 
depth  of  the  channel  or  the  temperature  of  the  water  make  wading 
impossible,  a  boat  may  be  used.  On  large  rivers,  where  a  trigged  rope 
can  not  be  employed,  the  boat  from  which  the  soundings  are  to  be 
ni^ide  should  be  located  by  simple  triangulation.  Soundings  should 
l)e  read  to  tenths  of  a  foot  and  be  taken  preferably  at  equal  distances 
apart.  In  deep  rivers  a  tagged  rope  or  chain  with  lead  weight  can 
be  substituted  for  the  rod. 

SURFACE   FLOATS. 

In  reconnaissance  work,  in  which  the  equipment  is  as  a  rule  limited 
by  transportation  facilities,  surface  floats  consisting  of  chips  will  be 
found  most  convenient.     The  use  of  rod  floats,  though  giving  more 
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dircH'tly  the  mean  velocity,  has  many  disadvantages,  and  should  not 
Ix^  attempted  unless  the  time  and  opportunity  permit  of  obtaining 
floats  of  the  required  lengths.  In  the  simplest  case  but  one  man  b 
needcnl  to  make  the  observations.  The  surface  floats  should  be 
thrown  into  the  stream  a  considerable  distance  above  the  first  cni»s 
sect  ion.  The  hydrographer  should  attempt  to  start  the  float's,  sueee^ 
siv«»ly,  at  different  distances  from  the  shore  in  order  to  determine  tin* 
velocity  in  different  parts  of  the  channel.  The  time  of  the  passage 
of  (»a(»h  float  Ix^tween  the  upper  and  lower  cross  section  should  be 
note<l,  pn'ferably  by  a  stop  watch,  and  also  the  position  of  each  float 
with  respe(*t  to  the  tags  on  the  ropes.  This  will  enable  the  hydrog- 
rapher to  deti»rmine  whether  or  not  he  succeeds  in  covering  th^ 
different  parts  of  the  stream,  and  it  will  serve  as  an  aid  in  the  com- 
putation. The  obstu-vations  should  be  continued  until  all  parts  of 
t  lie  st  ream  have  Ix^en  <»overed. 

On  wid<^  rivers  range  poles  may  be  established  on  opposite  shor«* 
to  mark  the  upper  and  lower  cross  sections.  The  location  of  each 
float  as  it  crosses  these  imaginary  lines  can  readily  be  recorded  by 
triangulation.  A  light  traverse  plane  table  will  be  found  especially 
useful  in  obtaining  a  graphic  record. 

The  surface  floats  show  approximately  the  surface  velocity  of  the 
stream  at  the  point  of  measurement.  The  results  obtained  by  thi> 
metho<l  are  subject  to  eiTors  due  to  wind  and  surface  currents  and 
eddies.  The  velocity  shown  is  that  of  the  surface  of  the  riv^er,  while 
that  required  for  computation  of  discharge  is  the  mean  velocity  of  the 
cross  sect  ion.  l7nfortunately,  the  relation  of  the  surface  to  the  mean 
velocity  of  the  vertical  is  not  constant,  yet  for  streams  of  the  same 
general  character  of  bed,  banks,  velocity,  etc.,  the  ratio  is  sufliciently 
constant  to  allow^  the  mean  velocity  t6  be  computed  with  fair  precision 
from  the  surface  velocity  observations. 

SUBSURFACE  OR  DOUBLE  FLOATS. 

The  double  float  consists  of  a  small  surface  float  cojinected  by  a 
fine  cord  to  a  larger  subsurface  float,  which  is  so  arranged  that  it 
shall  always  remain  at  the  point  of  mean  velocity  in  the  current.  The 
surface  float  may  consist  of  a  flat  block  of  wood  or  a  tin  water-tight 
drum,  which  floats  upon  the  surface  of  the  water  with  sufficient  buoy- 
ancy to  prevent  the  larger  subsurface  float  from  sinking.  The 
subsurface  float  may  (consist  of  two  sheets  of  galvanized  iron  set  at 
right  angles,  weighted  at  the  bottom,  with  an  air-tight  cylindrical 
device  at  the  top,  in  order  that  it  may  at  all  times  keep  its  vertical 
position.  A  round,  hollow  cylinder  of  tin  also  makes  an  excellent 
subsurface  float.  The  tension  on  the  connecting  cord  should  be  at 
least  2  or  3  pounds,  and  the  cord  should  be  of  silk  and  as  fine  as  pos- 
sible in  order  that  its  resistance  to  the  current  should  not  have  a 
marked  effect  upon  the  velocity  of  the  floats.     The  length  of  the  cord 
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should  be  so  regulated  that  the  lower  float  may  be  at  the  point  of 
mean  velocity,  and  the  resistance  of  the  upper  float  and  the  coixi  should 
be  made  as  small  as  practicable.  A  small  flag  should  be  placed  upon 
the  upper  float  in  order  that  its  position  may  be  easily  determined  at 
all  times.  The  chief  objection  to  double  floats  is  the  uncertainty  as 
to  whether  the  cord  is  vertical  and  the  consequent  uncertainty  as  to 
the  position  of  the  subsurface  float.  Another  objection  is  the  modi- 
fying effect  of  the  surface  float  and  the  cord  upon  the  velocity  of  the 
lower  float,  as  in  great  depth  the  exposed  surface  of  the  cord  may 
exceed  that  of  the  float.  A  third  objection  is  the  uncertainty  as  to 
the  vertical  position  of  the  lower  float,  as,  owing  to  changes  in  depth 
of  water  and  local  conditions,  the  point  of  mean  velocity  may  change, 
whereas  the  length  of  the  connecting  cord  must  remain  constant  in 
each  run.  This  may  introduce  a  noticeable  error  if  the  increase  in 
depth  is  large,,  as  the  retarding  effect  of  the  slow  velocity  near  the 
bottom  of  the  river  will  not  be  felt  by  the  float,  and  the  result  will 
show  too  high  a  velocity.  The  lower  float  may  tip  slightly,  owing  to 
eddies  or  other  causes,  thereby  changing  the  exposed  surface,  or, 
nnknown  to  the  observer,  the  lower  float  may  strike  a  bowlder,  caus- 
ing its  velocity  to  be  checked.  In  many  cases  these  objections  would 
not  be  at  all  serious,  but,  in  general,  when  floats  are  to  be  used  better 
results  can  be  obtained,  when  the  depth  is  not  too  great,  by  the  use 
of  rod  or  tube  floats. 

ROD  OR  TUBE   FLOATS. 

These  consist  of  long,  cylindrical  tin  tubes  or  wooden  poles,  2  or  3 
inches  in  diameter,  weighted  at  the  bottom,  so  that  they  will  float 
vertically  with  only  2  or  3  inches  exposed  above  the  water  surface. 
These  rods  integrate  the  velocities  in  a  vertical  section  and  give 
approximately  the  mean  velocity  of  the  current.  It  is  important  that 
they  should  extend  nearly  to  the  bottom,  as  otherwise  the  velocity,  as 
shown,  will  be  too  great,  yet  the  greatest  care  must  be  taken  that 
they  do  not  at  any  time  scrape  upon  the  rocks  at  the  bottom  or  sides 
so  as  to  retard  their  movement.  Rod  floats  are  free  from  many  of 
the  objections  to  double  floats,  as  there  is  no  uncertainty  as  to  their 
position  nor  as  to  the  point  of  mean  velocity  in  the  channel.  They 
are  not,  however,  suitable  for  very  deep  rivers,  or  for  channels  where 
the  depth  varies  considerably,  or  where  weeds  grow  in  the  bed  of  the 
stream.  Mr.  James  B.  Francis  has  stated  that  the  rod  floats  travel  a 
little  faster  than  the  mean  velocity  of  the  water  even  for  the  depth  of 
immersion.  The  float  will  be  subject  to  pressures  proportional  to  the 
square  of  the  relative  velocities  of  the  water  at  different  points,  and 
when  it  has  attained  its  full  speed  there  will  be  equilibrium  between 
these  different  pressures.  This  equilibrium  may  exist,  however,  when 
the  speed  of  the  float  is  somewhat  different  from  the  mean  velocity  of 
the  water,  the  latter  being  the  arithmetical  mean  of  all  the  different 
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velocities  throughout  the  depth  of  immersion.  The  following  formalu 
for  correcting  an  observed  velocity  was  derived  by  James  B.  Francis 
from  his  Lowell  experiments: 


V„=V.[l-.116(7^_0.i)] 


Where  V,n  is  equal  to  true  mean  velocity  in  vertical,  Vo  equals 
observed  velocity  of  tube,  d  equals  mean  depth  along  path  of  tube, 
d^  equals  depth  of  immersion  of  tube. 

Col.  Allan  Cunningham''  has,  however,  calculated  that  such  floats 
move  somewhat  slower  than  the  water  in  which  they  are  immersed. 
The  error  of  assuming  that  the  velocity  of  the  tube  represents  the 
mean  velocity  in  the  vertical  will  not  be  material  unless  tubes  too 
short  are  used,  in  which  case  the  velocity  as  shown  by  the  tube  should 
be  somewhat  reduced. 

WEIRS. 

By  the  method  of  weirs  the  discharge  of  the  stream  is  compuffed  by 
means  of  an  empirical  formula,  which  varies  for  different  types  of 
dams  or  weirs.  On  creeks  or  small  rivera  it  is  sometimes  practicable 
to  build  a  timber  weir  across  the  channel,  causing  the  total  flow  of  the 
stream  to  pass  over  the  sharp  edge  of  the  weir  crest.  By  obeer\-in!: 
the  head  on  the  weir,  computations  of  the  flow  can  be  made.  This  is 
probably  the  most  accurate  method  applicable  to  small  streams.  On 
large  rivers,  however,  the  cost  of  a  weir  is  usually  so  great  as  to  lie 
prohibitive,  so  that  if  there  is  not  a  weir  or  dam  already  in  the  stream 
it  is  necessary  to  resort  to  measurements  by  floats  or  current  meters. 

On  many  of  the  rivers  of  moderate  size  the  conditions .  are  unfavor- 
able for  successfully  applying  either  of  these  methods.  For  instance, 
on  streams  used  for  manufacturing  purposes  dams  occur  at  frequent 
intervals,  interrupting  the  regular  flow,  and  in  many  cases  holding 
back  the  night  flow  for  use  during  the  following  day,  so  that  the  dis- 
charge during  the  night  may  be  either  nothing  or  a  very  small  per- 
centage of  the  day  flow.  Then,  too,  the  shutting  down  of  the  mill 
wheels  for  an  hour  at  noon  may  have  a  pronounced  effect  upon  the 
results  of  float  or  meter  measurements  made  below  the  mill.  Unfor- 
tunately these  variations  are  not  always  apparent  to  the  hydrographer, 
and  surprise  and  annoyance  are  caused  by  finding  that  the  river 
height  differs  by  several  tenths  from  the  gage  as  read  by  the  regular 
observ'er  a  short  time  before  the  hydrographer  arrived  at  the  station. 

Under  the  conditions  described,  better  results  can  undoubtedly  In- 
obtained  if  there  exists  upon  the  stream  a  good  dam  which  can  be  used 
as  a  weir.  It  should  have  a  level,  even  crest  and  a  constant  cross 
section,  with  sufiicient  pondage  to  reduce  the  velocity  of  approach. 
and  it  should  be  free  from  leakage.     Masonry  dams  are  better  for 


aBecent  hydraulic  experimenta:  Min.  Proc.  Inst.  Civil  Sng.,  Vol.  LXXI  188S. 
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this  purpose,  for  they  are  more  likely  to  be  tight  and  io  have  an  even 
(Test.  Timl)er  dams,  although  level  when  first  constructed,  are  likely 
to  settle  at  various  points,  thus  producing  an  uneven  ci-est  elevation. 
There  are,  however,  many  good  timber  dams  practically  free  from 
u^akage  and  with  crests  sufficiently  uniform  for  accurate  work. 

Having  selected  a  dam  as  the  proper  site  for  a  station,  a  careful 
survey  must  be  made  of  the  crest  line  and  of  the  upper  and  lower 
•^loi^es,  so  that  it  can  be  compared  with  other  dams  or  with  experi- 
mental sections  for  which  the  coefficients  of  flow  are  known.  The 
cxneriments  of  James  H.  Francis,  of  Fteley  and  Stearns,  and  of  John 
11.  Freeman,  George  W.  Rafter,  and  others  at  Cornell  University, 
have  given  coefficients  upon  many  sections  of  various  forms.  It  is 
prnljabie  that  the  dam  selecU^d  for  the  station  will  not  be  exactly  like 
tiny  of  the  experimental  forms,  but  it  will  resemble  some  of  them  so 
[•losely  that  coefficients  can  l)e  selected  for  the  computations. 

When  the  mill  gates  are  open  a  part  of  the  flow  is  diverted  from  the 
river  through  the  mill  race,  the  gates,  and  the  tailrace. 

The  amount  of  the  diversion  must  of  course  be  measured  and  added 
to  the  quantity  flowing  over  the  dam,  in  order  to  determine  the  total 
discharge  of  the  stream.  In  many  factories  the  quantity  flowing 
through  the  wheels  varies  from  day  to  day,  and  also  during  different 
lioura  of  the  day,  so  that  careful  records  must  l)e  kept  of  gate  o|)enings, 
ill  order  that  proper  allowance  may  be  made  for  these  variations.  The 
iw  and  the  make  of  the  water  wheels  must  be  ascertained,  and  the 
vv'heeLs  be  used  as  water  meters  for  the  determination  of  the  flow 
through  them.  Many  of  the  modern  wheels  have  been  carefully  rated. 
Wliere  such  ratings  have  not  been  made,  usually  records  of  wheels  of 
the  same  tyiK%  though  possibly  of  different  makes,  can  be  found  and 
tlif^  records  he  compared.  Water  wheels  as  meters  give  fairly  accu- 
*aU»  records  of  the  discharge. 

The  Chezy  formula  or  surface-8loj)e  methml  has  been  extensively  em- 
)loyed  in  gaging  laige  rivers.  The  proper  coefficients  to  be  applied 
ire  usually  determined  from  the  auxiliary  formula  of  Gauguillet 
md  Kutter.  One  difficulty  in  the  application  of  this  method  lies  in 
h(»  selection  of  suitable  friction  factor  or  coefficient  of  roughness. 

CURRENT  METERS. 

The  (Min-ent  meter  has  been  found  best  adapted  to  the  general  meas- 
irenieiits  made  by  the  United  States  Geological  Survey,  and  is  used 
ilinost  exclusively  in  its  hydrographic  investigations.  (Pis.  I  and  II.) 
)ceasionally,  however,  either  a  meter  is  not  available  or  the  conditions 
tre  not  favorable  for  its  use.  In  such  cases  weirs  or  floats  have  been 
ised,  though  a  Pitot's  tube,  hydrometric  pendulum,  or  hydrometric 
valance  might  in  exceptional  case  be  used  to  advantage. 

The  current  meter  has  been  described,  and  instructions  for  the  care 
knd  use  of  the  instrument  have  been  given  in  Water-Supply  Paper 
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No.  56.  Tho  object  of  the  present  discussion  is  to  give  a  few  addi- 
tional iiictH  as  to  the  point  at  which  the  meter  should  be  held  tx) 
determine  the  mean  velocity  in  a  channel,  as  deduced  from  meas- 
urements recently  made  upon  rivers  in  the  southern  part  of  New 
York  State.  The  current  meter  may  be  used  to  determine  the  veloc- 
ity of  a  river  in  four  ways:  First,  by  making  point  measurements 
at  a  depth  corres|)onding  to  the  approximate  position  of  the  thread 
of  mean  velocity;  second,  by  deducing  the  mean  velocity  from  ohser- 
vations  made  at  other  points  in  the  same  vertical;  third,  by  the 
integration  method;  fourth,  by  point  measurements  made  at  regular 
inter\'alH  throughout  cross  sections  of  the  river.  In  the  first  two  of 
these  methods  it  is  important  to  know  the  relation  between  the  veloci- 
ties at  various  points  in  the  section.  In  the  first  method  the  position 
of  mean  velocity  must  be  known,  and  in  the  second  method  the 
relation  between  the  surface  velocity,  or  the  velocity  at  mean  depth, 
to  the  mean  velocity  must  be  known.  In  either  of  these  cases  the 
form  of  the  vertical  velocity  curve  will  determine  the  coefficient  to  be 
applied  t«o  the  observations. 

VERTICAIi  \rKIX>CITY  CURVES  ON  STRIQAM8  WITHOUT  ICE 

COVER. 

Studies  of  the  vertical  velocity  curve  made  on  tlie  Mississippi  River 
by  Humphreys  and  Abbott,  on  the  Connecticut  by  T.  G.  Ellis,  on 
the  Morrimac  flume  by  Wheeler  and  Lynch,  on  the  Potomac  by  C.  C. 
Babb,  and  recent  experiments  by  others,  notably  those  at  Cornell 
University  by  E.  C.  Murphy,  indicate  that  the  point  of  mean  velocity 
in  a  given  vertical  section  is  at  a  depth  varying  from  six-tenths  to 
two-thirds  of  the  total  depth  of  the  section,  measured  from  the  sur- 
face down.     The  values  found  in  the  experiments  were  as  follows: 

Depth  from  surface  of  point  of  mean  velocity. 


Experimenter. 

Sta'eain. 

Depttet. 

Cyrus  C.  Babb 

Potoman  River 

o.v^ 

H"Tppl»T'fiyp  HTid  Ahhott 

Mississippi  River..   

Connecticut  River 

.63 

T.  G.Ellis 

.64 

E.  C.  Murphy 

Cornell  flume 

fl.fi.1 

Wheeler  and  Lynch    

.67 

nFor  depths  between  6  and  9  feet,  the  proportionate  depth  of  point  of  mean  Telocity  becoming 
leB8  as  the  depth  of  the  water  decreased,  and  becoming  0.56  for  depths  of  water  between  1  and  i 
feet. 


The  Cornell  experiments  indicat.e  that  measurements  made  at  six- 
tenths  of  the  depth  yield  results  3.5  per  cent  too  large,  the  depth  of 
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mean  velocity  being  nearly  two-thirds  of  the  depth.  The  measure- 
ments at  Cornell  were,  however,  made  in  the  canal,  the  cross  sections 
of  which  have  a  gi'eater  ratio  of  depth  to  width  than  most  riveis,  and 
decidedly  more  than  the  Mississippi,  Connecticut,  and  Potomac,  upon 
which  the  above  coefficients  were  obtained.  There  can  be  no  doubt 
but  that  the  difference  in  the  ratio  of  the  depth  to  width  is  a  factor 
likely  to  affect  the  position  of  mean  velocity. 

^riie  bottom  and  sides  of  the  channel  retard  the  flow  close  to  them 
in  proportion  to  their  roughness,  this  retardation  being  due  more  to 
tlie  impeding  of  the  flow  by  eddies  than  by  friction  alone.  The  retarda- 
tion of  the  surface  velocity  has  been  attributed  to  the  rising,  by  vertical 
motion,  of  the  lower  water  to  the  surface  after  being  checked  in  its  flow 
by  striking  against  the  rough  bottom  and  sides  of  the  channel.  The 
variation  of  the  velocity  in  the  river  channel  is  shown  in  PI.  VIII 
(p.  30)  and  fig.  1. 

Mr.  Frederick  P.  Stearns  has  attributed  the  reduction  of  surface 
velo<^?ity  to  the  general  retarding  of  the  layers  of  water  adjacent  to 
the  banks  of  the  stream,  this  water  rising  to  the  surface  and  thereby 
making  the  edges  of  the  channel  higher  than  the  center  and  causing 
a  flow  of  the  slowly  moving  water  from  the  sides  toward  the  mid- 
dle, thereby  decreasing  the  surface  velocity,  depressing  the  point 
of  maximum  velocity,  and  lowering  in  general  the  filament  of  mean 
velocity.  This  depression  of  the  maximum  velocity  is  known  to 
become  more  pronounced  with  an  increase  in  the  roughness  of  the 
lining,  in  the  steepness  of  the  banks,  and  in  the  ratio  of  depth  to 
width.  In  an  extreme  case  of  a  wide,  shallow  stream,  where  the  bot- 
tom merges  imi)erceptibly  into  the  banks,  maximum  velocity  occurs, 
under  normal  conditions,  at  or  very  near  the  surface  of  the  c(»nter 
of  the  stream.  On  the  other  hand,  in  a  deep,  narrow  channel,  as 
for  instance,  in  a  canal  with  vertical  sides,  the  maximum  velocity 
occura  a  considerable  distance  below  the  surface,  and,  as  the  (^ornell 
experiments  indicate,  this  depression  may  amount  to  as  much  as  one- 
thinl  and  even  two-fifths  of  the  total  depth.  Evidently,  then,  in  such 
cases  depression  of  maximum  velocity  must  result  in  a  lowering  of 
the  thread  of  mean  velocity,  and  engineers,  in  making  unit  meas- 
urements for  mean  velocity,  should  l^ear  in  mind  that  while  the  obser- 
vations at  six-tenths  depth  give  fair  values  for  mean  velocity  in  wide, 
shallow  rivers  this  ratio  should  be  increased  to  two-thirds  in  the  case 
of  canals  and  flumes  or  narrow  natural  channels. 

The  friction  of  flowing  water  against  the  air  has  a  similar  influence, 
and,  though  in  general  less  marked,  it  may,  in  the  case  of  a  strong 
upstream  wind,  have  a  decided  influence  upon  the  surface  velocity 
and  the  point  in  the  vertical  of  the  maximum  and  mean  velocity.  On 
account  of  these  resistances  on  the  Ix^d  and  bank  of  a  stn»am,  the 
maximum  velocity  of  the  river  in  a  straight  reach  is  found  in  the  cx»,n- 
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tral  portion  of  the  stream, -and  somewhat  below  the  surface — the 
actual  position  depending  upon  the  size  and  condition  of  the  river 
and  the  velo(»ity  of  flow.  The  velwity  incre^ises  from  the  surface 
downward  for  a  short  distance — say,  one-tenth  of  the  depth — and  then 
decreases  down  to  the  bottom,  where  it  reaches  the  minimum. 

Various  writers  who  have  studied  the  form  and  equation  of  the 
curve  representing  tlie  variation  in  velocities  in  a  vertical  section  have 


Fro.  1. — Crofls  section  on  EaopuB  Creek,  at  Kingston,  showing  curres  of  equal  velocity  as 
determined  hy  current-ineter  meanorementa,  there  being  no  i<*e  cover. 

come  to  different  conclusions  as  to  the  form  of  this  curve,  the  inclint-fl 
straight  line,  the  i>arabola  with  horizontal  axis,  the  parabola  with  ver- 
tical axis  and  vertex  at  or  below  the  surface,  the  ellipse,  and  the  hypi*r- 
bola  each  having  its  advocates.  Humphreys  and  Abbott  showed  by 
their  experiments  on  the  Mississippi  River  that  the  curve;  did  not  dif- 
fer materially  from  a  parabola  having  its  axis  parallel  to  the  surface 
and  at  the  depth  below  the  surface  of  the  position  of  maximum  veloc- 
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ity,  the  abscissas  representing  the  velocities  at  the  different  depths 
and  the  ordinates  the  vertical  distances  of  these  depths  from  the 
point  of  mean  maximum  velocity.  In  the  Mississippi  River  experi- 
ments the  position  of  maximttm  velocity  was  on  an  average  nearly 
one-third  of  the  whole  depth  below  the  snrface,  varying  with  the 
direction  of  the  wind.  Bazin  also  found  that  the  vertical  velocity 
curve  was  in  the  form  of  a  parabola,  the  curve  varying  with  different 
channels  and  the  position  of  maximum  velocity.  Professor  von 
Wagner  agreed  with  the  above  experimenters,  but  found  that  the 
curve  differed  from  the  parabola  toward  the  bottom  and  near  the 
surface,  and  that  the  point  of  maximum  velocity  varied  from  a  little 
below  the  surface  to  a  little  over  one-fourth  of  the  full  depth. 

The  exact  mathematical  form  of  a  vertical  velocity  curve  is  not  a 
vital  question  in  the  measurement  of  streams,  but  it  is  greatly  to  be 
desired  that  the  relation  between  the  surface,  maximum,  and  mean 
velocities  should  be  known,  so  that  if  any  one  of  these  be  measured 
accurate  computations  of  the  flow  can  be  made,  and  so  that  if  the 
velocity  of  the  stream  be  measured  at  some  particular  point  the 
mean  velocity  of  the  whole  section  can  be  calculated.  It  has  been 
shown  by  a  series  of  measurements,  the  results  of  which  are  given 
herein,  that  the  typical  vertical  velocity  curve  is  in  general  of  the 
form  shown  in  fig.  2 ;  that  the  surface  velocity  is  somewhat  •  greater 
I  han  the  mean;  that  the  maximum  velocity  is  below  the  surface  but 
above  mid  depth;  and  that  the  jwint  of  mean  velocity  is  from  0.6  to 
two-thirds  of  the  depth  below  the  surface.  The  relation  between  the 
surface  velocity  and  the  mean  velocity  is,  of  course,  important  in  the 
use  of  surface  floats  and  current  meters  when  the  velocity  is  meas- 
ured only  near  the  surface,  for  some  coefficient  must  always  be 
applied  to  obtain  the  mean  velocity  in  the  vertical  section.  In  this 
connection,  some  results  obtained  by  Mr.  J.  B.  Lippincott  on  rivers 
in  southern  California,  in  Apwl,  1902,  are  of  interest: 

On  the  Sacramento  River,  at  Jelly s  Ferry,  observationB  for  velocities  have  been 
taken  at  the  topi  middle,  and  bottom  of  each  section  at  intervals  of  20  feet.  The 
channel  is  of  bowlders  and  has  a  depth  of  from  3  to  5  feet  in  the  low-water  stages. 
The  relation  of  the  mean  velocity  to  the  top  velocity  on  each  section  was  deter- 
mined, and  then  the  mean  ratio  for  the  entire  measurement.  The  measurements 
were  arranged  in  6  groups  according  to  gage  heights.  In  the  first  group  the  mean 
velocity  was  87  per  cent  of  the  surface  velocity;  in  the  second  88;  in  the  third  88; 
in  the  fourth  89;  in  the  fifth  87;  in  the  sixth  87.  The  last  group  represents  the 
highest  water.  The  mean  of  30  measurements  gives  a  ratio  of  88  per  cent.  In 
this  case  the  coefficients  are  quite  constant. 

A  determination  on  the  Tuolumne  River,  at  Lagrange,  also  gives  a  coefficient  of 
88  -per  cent.  This  river  has  a  pebbly  or  stony  bed,  and  the  depths  range  from  1.13 
to  1.84  feet.    The  velocities  range  from  3  to  5  feet. 

On  the  smaller  rivers  the  determinations  were  less  satisfactory,  because  when 
depths  become  as  low  as  1  foot,  top,  middle,  and  bottom  velocities  were  seldom 
observed  with  meters,  and  unless  we  had  three  observations  for  velocity  the  mean 
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yelocity  was  not  considered  sufficiently  accniate  to  jnstify  a  comiiariflon  with 
the  surface  velocity. 

The  relative  irregolarities  of  the  beds  of  the  smaller  streams  also  introdiKed 
wider  ranges  in  the  relation  of  surface  to  mean  velocities. 

On  the  San  Gabriel  River  the  following  results  were  obtained  at  different  -poisktB 
on  the  stream:  0.83,  0.94,  0.05,  0.89,  0.90,  0.98;  mean,  0.92. 


Depths  in 

decimal 

parts  of 

total. 


1.00 


70  80  90  100  110 

Velocity  in  terms  of  mean  velocdty=100. 


Fig.  2.— Mean  vertical  velocity  cnrves  for  Eaopns,  Rondont^  Catsldll,  and  Flshkill  oreek». 

and  WalUdll,  Tenmile,  and  Honsatonic  rirers. 


On  the  Santa  Ana  River  the  following  determinations  were  made  at  Warm 
Springs:  0.96,  0.95,  0.91,  0.86,  0.90,  0.91,  0.96,  0.93;  mean,  0.92. 

The  channels  of  these  two  streams  are  relatively  rongh,  the  water  surface  is 
nsnally  from  10  to  20  feet  in  width,  and  the  depths  vary  from  0.25  foot  to  1  foot 
for  the  stage  of  water  observed  upon.  It  is  rather  singular  to  note  that  the 
determination  of  these  coefficients  in  the  smaller  and  relatively  rough  channels 
shows  a  higher  value  than  in  the  larger  channels.    As  previously  remarked,  how- 
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ever,  the  determinatioiLs  for  the  San  Gabriel  and  the  Santa  Ana  are  not  considered 
as  entirely  satisfactory  nor  as  reliable  as  the  determination  for  the  Sacramento. 
It  is  possible  that  the  coefficients  which  we  have  determined  for  the  smaller 
streams  are  too  high,  owing  to  the  fact  that  the  current  meter  could  not  be  placed 
in  the  slowest  film  of  water  immediately  adjacent  to  the  bottom  and  sides  of  the 
channel f  so  that  the  mean  velocity  as  shown  may  be  slightly  above  the  true 

DepthBin 

decimal 

])art8of 

total. 


70  80  90  100 

Velocity  in  terms  of  mean  velocity  -=  100. 

Fio.  8. — Compariaon  of  the  general  mean  veUKrity  curve  with  th«  mean  curve  for  smooth  l)ed 
and  the  mean  curve  for  rough  bed.  ( Note:  The  general  mean  curve  includes  all  data  obtainc^d 
in  78  vertical  velocity  curves;  th'e  mean  curve  for  rough  l)ed  includes  the  data  for  25  vertical 
velocity  curves,  and  the  mean  curve  for  smooth  lH»d  includes  the  data  for  20  vertical  velocity 
curves.    All  of  these  curves  were  taken  when  there  was  no  ice  cover.) 


mean  velocity.  This  error  would  l)e  relatively  greater  in  small  than  in  large 
streams,  however.  In  the  measurements  of  the  small  stream  a  Price  acoustic 
meter  has  been  used,  which  i)ermits  the  center  of  the  meter  to  l)e  placed  within 
3  inches  of  the  bed  of  the  creek. 

In  consideration  of  the  alx)ve  data  it  is  lic^lieved  that  for  ordinary  streams  dis- 
charging 100  cubic  feet  i^er  second  of  water,  or  less,  on  stony  beds,  that  0.9  of  the 
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mean  surface  velocity  for  the  section  will  represent  the  mean  velocity  for  th^ 
section,  said  surface  velocities  being  observed  at  nnmerona  points  across  the 
stream. 

^  With  the  object  of  determining  the  ratio  between  the  maximam  sur- 
face velocities  and  the  mean  velocity,  De  Prony  made  some  exjK*ri- 
ments  in  wooden  troughs,  and  Messrs.  Baldwin,  Whistler,  and  Slosson 
in  channels  lined  with  planks.  The  coefficients  obtained  for  convert- 
ing the  observed  surface  velocity  into  mean  velocity  were  0.81G  by  De 
Prony  and  from  0.810  to  0.847  by  the  latter  observers  in  different 
channels.  Subsequent  experiments  indicate  that  the  coefficient  is  gen- 
erally comprised  within  the  limits  of  0.8  and  0.9,  depending  upon  the 
size  of  the  channel  and  the  nature  of  the  bed.  The  Mississippi  River 
experiments  show  the  coefficients  to  exceed  0.9,  but  it  is  quite  possible 
that  the  influence  of  the  long  connecting  cord  and  surface  float  caused 
too  large  values  to  be  recorded  for  the  velocities  toward  the  bottom, 
and  thus  gave  too  high  a  value  to  the  mean  velocity,  as  Mr.  Robert 
Gordon,  in  checking  his  experiments  on  the  Irrawaddi  with  a  current 
meter,  obtained  considerable  reduction  in  the  velocities  approaching 
the  bottom  compared  with  those  obtained  by  double  floats.  The 
coefficient  would  be  greatest  for  large,  deep  rivers  with  smooth,  uni- 
form channels,  and  least  for  small,  shallow  streams  with  rough  betls. 
Messrs.  Darcy  and  Bazin  derived  from  their  experiments  the  follow- 
ing fcu'mula  giving  the  relation  between  the  maximum  velocity  and 

the  mean  velocity:  

U-V=25.3G%/RS 

where  U  is  the  maximum  velocity  in  feet  per  second,  V  the  mean 
velo(Mty,  R  the  hydraulic  radius  in  feet,  and  S  the  slope. 

The  variation  in  the  coefficient  to  be  applied  to  the  surface  velocity 
gives  rise  to  a  possible  error  large  enough  to  preclude  the  use  of  this 
method  of  measurement  when  accurate  results  ai*e  desired.  As  a 
quick  method  it  may  often  be  used,  and  in  a  few  cases,  as,  for  instance, 
at  the  time  of  high  floods,  when  it  is  impossible  to  use  other  means, 
the  results  obtained  by  this  method  may  be  of  considerable  value. 

The  mean  of  78  velocity  curves  taken  upon  rivers  in  the  southern 
part  of  New  York  State,  described  further  on  in  this  paper,  shows  that 
t,he  mean  velo<3ity  was  0. 87  of  the  surface  velocity  in  the  vertical  sec- 
tion (shown  in  fig.  3).  This  coefficient  varied  from  0.82  in  the  case  of 
Catskill  Creek  to  0.93  on  Fishkill  Creek  (fig.  2).  It  will  be  noted  that 
those  coefficients  apply  to  the  mean  velocity  in  the  vertical  in  which 
the  float  is  run.  If  only  one  surface  float  is  used,  and  that  in  the 
center  of  the  river,  or  point  of  maximum  velocity,  it  api)ear8  that  O.S 
is  the  proper  coefficient  to  apply,  though  the  chances  of  error  are 
much  greater  than  when  surface  floats  are  used  at  intervals  across  the 
channel. 


«  From  Rivera  and  Canals,  vol.  1,  p.  88,  by  L.  F.  Vemon-Harcourt. 
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RIVER  STATIONS  AT  WHICH  CURVES  WERE  OBTAINED. 

In  June,  1901,  a  reconnaissance  was  made  of  Catskill,   Esopus, 
and  Rondout  creeks,  and  Wallkill  River  west  of  the  Hudson,  and 
Fishkill  Creek  and  Tenmile  and  llousatonic  rivers  east  of  the  Hudson. 
Nearly  the  entire  length  of  each  stream  was  traversed,  and  a  site  for 
a  gaging  station  selected  on  each.     Early  in  July  the  stations  were 
established,  with  the  exception  of  that  on  Tenmile  River,  which  was 
established  in  Sept-ember  of  the  same  year.     Persons  living  near  at 
hand  were  employed  as  gage  readers  to  take  observations  of  the  stage 
of  the  stream  twice  each  day.     Mr.  A.  E.  Place  was  in  charge  of 
these  stations  until  September,  1901,  when  Mr.  W.  W.  Schlecht  was 
placed  in  charge  as  resident  hydrographer.     The  measurements  given 
in   this  paper  were  obtained   by  Messrs.  Place  and   Schlecht,  and 
the  tables  and  several  of  the  diagrams  were  prepared  by  Mr.  Schlecht. 
The  object  of    the  measurements  made  at  these  stations  was  to 
determine  primarily  the  run-off  from  the  various  drainage   basins 
and  the  availability  of  the  streams  as  sources  of  additional  supply 
of  water  for  New  York   City.     The  results  of  the   measurements, 
together  with  the  heights  of  water  in  the  river  on  each  day,  have 
been  published  in  Water-Supply  Paper  No.  ()5.     Incidentally  it  was 
thought  best  to  make  observations  as  to  the  point  of  mean  velocity 
in  each  of  these  streams   for  use  in    future  measurements  on   the 
same  rivers,  as  well  as  for  general  information  as  to  the  most  desirable 
method  of  making  current-meter  measurements  on  rivers  in  general. 
In  making  measurements  of  rivers  of  this  character  it  has  been  the 
custom  of  the  Ilydrographic  Division  of  the  United  States  Geological 
Survey  to  divide  the  cross  section   into  partial  areas  of    regular 
width,  say  5  or  10  feet,  and  to  determine  the  velocity  in  each  of  these 
small  areas  by  holding  the  meter  at  a  point  six-tenths  of  the  total 
depth  below  the  surface.     The  velocity  obtained  at  this  point  was 
assumed  to  be  the  mean  velocity  in  the  small  area  in  which  the  meter 
was  used.     It  was  realized  that  this  relation  would  not  hold  true  in 
all  streams,  but  in  rivers  with  the  general  characteristics  of  those 
under  discussion  it  was  considered  that  no  serious  error  would  result 
from  this  assumption.     The  data  in  the  following  pages  were  collected 
in  order  to  check  the  above  assumption  or  to  eiuible  the  hydrographer 
to  determine  by  a  point  measurement  the  velocity  at  some  other  depth 
which  might  be  considered  the  mean  in  the  channel.  .  Each  of  the  sta- 
tions established  will  now  be  briefly  described.     The  drainage  basins 
were  described  in  detail  in  Water-Supply  Paper  No.  C5. 

CATSKILL  CREEK  AT  SOUTH   CAIRO,  N.  Y. 

The  gaging  station  is  located  at  the  highway  bridge  in  the  village 
of  South  Cairo,  a  view  of  which  is  shown  on  PI.  III.     The  total  span 
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of  the  bridjj^e  is  194.5  feet  between  abutments,  the  faces  of  which  a> 
vertical.  The  stream  bed  is  of  earth  for  25  feet  from  the  right  ab':*- 
ment.  At  this  point  the  bluestone  rock  ledge  outcrops,  covered  wi*L 
patches  of  loase  shingle  and  shifting  gravel,  while  the  left  side  of  th' 
channel  is  covered  with  small  gravel.  The  entire  flow  of  the  streasi 
at  all  stages  passes  under  this  bridge.  High- water  marks  at  the  brid;:- 
indicate  a  maximum  elevation  of  17.6  feet  on  the  gage.  The  stage  <4 
the  stream  is  observed  each  morning  and  evening  by  the  local  gar- 
I'eadc^r,  and  current-meter  measurements  are  made  at  intervals  by  thi- 
resident  hydrographer. 

ESOPUS  CREEK  AT  KINGSTON,  N.  Y. 

This  gaging  station  was  established  at  Washington  avenne  brid^r^ 
in  Kingston  July  5,  1901,  a  view  of  which  is  shown  in  PL  IV.  Tlii- 
bridge  has  a  clear  span  of  106.6  feet  between  abutments,  which  an 
nearly  vertical.  In  addition  there  is  on  the  left  side  a  channel  19  feet 
in  width  through  wh  ich  water  passes  at  high  stages  of  the  river.  Gaz^ 
readings  are  made  here  each  morning  and  evening.  The  bed  is  coven^l 
with  small  stone  over  part  of  the  channel,  the  rest  of  the  bed  bein^' 
made  up  of  sand,  silt,  and  small  gravel. 

WALLKILL  RIVER  AT  NEW  PALTZ,  N.  Y. 

A  gaging  st  ation  is  situated  at  the  New  Paltz  highway  bridge,  a  viow 
of  which  is  given  in  PI.  V.  The  bridge  is  a  span  of  146.6  feet  between 
the  vertical  faces  of  the  masonry  abutments.  The  entire  flow  pass^> 
under  this  bridge  except  in  extreme  freshets,  when  the  left  bank  is 
overflowed. 

The  bed  of  the  river  is  for  the  most  part  smooth,  and  composed  of 
sand  and  silt. 

RONDOUT  CREEK  AT  ROSENDALE,  N.  Y. 

A  gaging  station  was  established  at  the  highway  bridge  at  Rosendale, 
3  miles  above  the  junction  of  the  Wallkill,  July  6,  1901.  The  bridg*- 
is  a  single  span  of  136  feet,  and  is  shown  in  PL  VI.  The  bed  of  the 
channel  is  rock  with  bowlders  for  40  feet  from  right  bank,  the  rest  of 
the  bed  Ixung  covered  with  broken  rock  from  6  inches  to  1  foot  in 
diameter.  The  entire  flow,  aside  from  the  diversion  to  the  Delawari* 
and  Hudson  Canal,  passes  under  the  bridge  at  all  stages. 

FISHKILL  CREEK  AT  GLENHAM,  N.  Y. 

A  gaging  station  is  located  at  the  Newburg,  Dutchess  and  Con- 
necticut Railroad  bridge,  in  Glenham.  It  was  est>ablished  July  ^ 
1901.     The  bridge  consists  of  the  main  central  span  with  two  anxil- 
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iary  overflow  channels  at  the  ends,  the  length  of  span  being  as  fol- 
lows: Left  overflow,  station  zero  to  22.5;  main  span,  station  27.5  to 
station  122;  right  overflow,  station  127  to  station  149.  The  bed  of 
the  main  channel  is  earth  and  gravel;  that  of  the  overflow  channels 
is  broken  stone. 

TENMILB  RIVER  BELOW  DOVER  PLAINS,  N.  Y. 

A  gaging  station  was  established  September  16,  1901,  at  Tabor's 
bridge,  which  crosses  Tenmile  River  about  2,000  feet  below  the  point 
of  inflow  of  Swamp  River.  The  gaging  station  is  situated  about  2 
miles  below  Dover  Plains  Village.  Tabor's  bridge  consists  of  a  single 
span,  85  feet  between  abutments.  The  bridge  stands  square  across 
the  stream,  the  bed  of  which  is  sand  and  gravel.  The  entire  flow 
passes  between  the  abutments  of  this  bridge,  except  at  the  time  of 
extreme  high  water,  which  occurs  nearly  every  spring  when  the  river 
overflows  its  banks,  and  some  water  passes  around  one  end  of  the 
bridge. 

HOU8ATONIC  RIVER  AT  GAYLORDSVILLE,  CONN. 

A  gaging  station  was  established  at  Gaylordsville,  C'onn.,  October 
24,  1900.  The  station  is  situated  3  miles  east  of  the  New  York  State 
line  and  2  miles  below  the  mouth  of  Tenmile  River.  Owing  to  the 
unfavorable  conditions  under  the  bridge,  the  discharge  measurements 
are  made  from  a  cable  of  200  feet  span  placed  across  the  stream  1^ 
miles  below  the  bridge.  A  view  of  the  river  at  this  point  is  shown  in 
PI.  VII.  The  cable  is  supported  on  the  right  bank  by  timber  shears 
25  feet  high  and  is  anchored  to  a  large  buried  rock.  On  the  left 
l>aiik  a  sycamore  tree  serves  as  a  support  for  the  cable,  which  is 
anchored  to  the  base  of  a  large  oak. 

DISCUSSION  OP  TABLES. 

In  the  tables  that  are  given  in  the  following  pages  the  measure- 
ments recorded  were  taken  at  the  time  of  the  regular  gagings  of  the 
rivers,  and  with  the  same  degree  of  accuracy  with  which  current- 
meter  measurements  have  been  made  upon  these  streams.  Only  one 
instrument  was  used  at  one  time,  the  velocity  being  taken  at  the 
va^rious  points  in  regular  order  vertically,  usually  at  intervals  of  one- 
h»lf  foot.  When  other  space  intervals  were  used  it  is  shown  in  the 
babbles. 

In  PL  VIII  is  shown  the  variation  in  the  velocity  of  Wallkill  River 
^t'  New  Paltz.  The  dotted  lines  are  lines  of  equal  velocities  and  are 
ietermined  by  observations  of  velocity  at  regular  intervals  throughout 
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the  I'lXKSH  section.     The  line  marked  "  mean  velocity  for  each  serri"'^ ' 
shows  the  d«»pth  at  \vhi(*h  may  be  found  the  filament  of  mean  vel«jir.t 
Near  th«»  right  hank  there  is  slack  water  and  some  return  cnnv--. 
which  ac<*(>unt8  for  the  i>eculiar  position  of  the  curve,  and  th^  ^a, 
that'  there  are  two  lines  of  mean  velocity.     This  condition  woui»i  :• 
usually  o(*<*ur  at  a  gaging  station. 

At  th<»  lK>ttoni  of  PL  VIII  are  linos  showing  the  velocity  at  van«  2- 
depths,  as  1  foot,  2  feet,  etc.,  across  the  river  section.     The  effr«' 
the  ledg«»  of  nwks  is  clearly  shown  in  the  plate. 

A  small  Price  (current  meter  was  used,  and  was  in  each  ca?*'  >  - 
lH»nd(Ml  from  a  bridge  and  hung  freely  in  the  water.  The  meter  «:» 
held  fifty  seconds  at  one  point  to  determine  the  voloc*ity,  'au*1  ■ 
each  case  the  fii*st  reading  was  checked  by  a  second,  and  if  ther»*^a' 
a  dis(!repancy  a  third  reading  was  taken.  The  rt^sults  were  pl*'**'^ 
upon  cross-section  paper,  thedei>ths  as  ordinatos  and  the  velocit !'->.• 
abscissas,  and  a  smooth  curve  drawn  through  the  points,  so  tlmt 
case  there  was  an  error  of  sufficient  magnitude  to  affect  the  final  n*>^> 
it  would  l)e  found  when  the  curve  was  plotted.  I3<*fore  the  work  ^  t* 
commenc^ed,  and  aft<»r  the  completion  of  these  curves,  the  meter  wa^ 
rat<Ml  and  showed  very  slight  change  in  its  retulings.  The  ^ge  htiL'  ' 
was  read  at  the  beginning  of  each  measurement  and  at  itis  <*<>mpli'ii"'. 
and  in  general  no  change  of  stage  of  the  stream  during  the  mea-^tir - 
ment  was  noted. 

In  Table  I  t  he  date  of  each  measurement  is  given  at  the  hea<l  of  '\ 
cohimn,  tiieu  the  point  of  measurement — that  is,  the  distance  in  f^ 
from  the  initial  point  of  soundings  which  had  been  previously  csta> 
lished  and  marked  permanently  on  the  bridge.     Next  is  ^ven  tl» 
gage  height  at  the  time  the  velocities  were  measured  and  the  depth  ••: 
watei'  at  the  point  of  measurement  at  the  time  of  making  the  niea>ur»- 
ment.     The  character  of  the  bed  of  the  river  and  the  force  and  din-'  - 
tion  of  th(^  wind  are  also  given.     The  depths,  as  given  in  the  altemav 
columns,  w(»re  measured  by  a  wire  attached  to  the  meter  and  a  taj^ 
The  column  headed  *' Velocities"  gives  the  actual  observed  velix^i:^ 
in  fe(^t  i)er  s(K»ond  at  each  observation. 

Table  II  isccmiiiuted  from  Table  I,  the  observations  l>ein^  the  sawr, 
but  the  velocities  being  given  at  regular  depths  as  shown  in  pen-ent 
ages  of  the  whole  in  the  fii-st  column.  The  velocities  as  shown  iu  ilv 
columns  of  tins  titble  were  found  from  the  plotted  vertical  vel(x*iT} 
curves  based  upon  the  figures  in  Table  I,  the  velocities  at  each  de[»iL 
being  taken  l)y  scale  directly  from  the  curve.  The  sum  of  the  xeWi- 
ties  in  ea<rh  column  of  Table  II  divided  by  10  gives  the  mean  velocity 
in  that  section,  and  is  the  quantity  that  should  be  obtained  by  a  sinir^ 
meter  observation  at  a  point  in  the  section  which  represents  the  peiiif 
of  mean  velocity.  For  comparison,  the  velocity  as  actually  found  ai 
six-tenths  of  the  depth  is  given  at  the  bottom  of  Table  II,  from  whirli 
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it  will  at  once  be  seen  that  the  error  in  measuring  the  velocity  at 
six-tenths  depth  is  in  general  only  slight  on  a  stream  of  the  general 
character  of  the  Esopus. 

Tables  III,  V,  VII,  IX,  XI,  and  XIII  show  the  results  of  the  meas- 
urements on  the  Rondout,  Wallkill,  Catskill,  Fishkill,  Tenmile,  and 
Ilousatonic,  respectively;  Tables  IV,  VI,  VIII,  X,  XII,  and  XIV  show 
the  data  obtained  from  the  preceding  tables,  and  were  derived  by  the 
same  method  as  Table  II  from  Table  I. 
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T.VBLB  XI. — Velocities  in  vertical  sections  on  Tenmile  River  at  Dover  Plains. 


Date 

Point  of  meaanre- 

ment 

QtugelitA^X 

Depth 

Bed  of  creek 

Wind . 


Oct.  15. 

65. 
7.19. 

6.8. 
Sand. 
Fresh. 


Oct.  26. 

25. 
5.01. 

4.6. 
Sand. 
None. 


Oct.  26. 
55. 

3.01. 

4.8 
Sand. 
None. 


Nov.  11. 

25. 

4.75. 

4.4. 
Sand. 
None. 


Direction i  Downstream.  > Downstream. 


Nov.  22. 

.25. 

4.76. 

4.2. 

Sand. 

Gentle. 


Dopth.l  ^i}^'  i  Depth.'  ^f^y^'   Depth. 


Depth'. 


Veloc-  r^_*u  I  Veloc- 
ity.     1^P'^'»|     ity. 


Ft.  per 
aec. 

0.90 

.87 

.77 

.70 

.67 

.61 

.55 

.50 


Feet. 
0.3 
.8 
1.5 
2.0 
2.5 
3.0 
3.5 
3.7 


Ft.  per 
nee. 


0.84 
.84 
.73 
.76 
.67 
.56 
.55 
.49 


Table  Xn. — Velocities  at  regular  intervals  in  vertical  sections  o7i  Tenmile  River 

at  Baxter  Plains,  deduced  from  data  in  Table  XL 

[Velocities  in  feet  per  second.] 


I^epths  in  parts  of  total. 

Oct.  15. 

Oct.  28. 

Oct.  26. 

0.99 
.99 
.98 
.97 
.95 
.98 
.91 
.88 
.82 
.68 

Nov.  11. 

0.89 
.86 
.83 
.79 
.75 
.70 
.64 
.58 
.52 
.44 

Nov.  22. 

0.06. 

2.44 
2.42 
2.36 
2.30 
2.23 
2.16 
2.09 
2.02 
1.95 
1.88 

1.08 
1.06 
1.08 
.98 
.98 
.87 
.81 
.73 
.65 
.46 

0.84 

.16 

.84 

.26 

.82 

.35 

.78 

.45 

.74 

.66 

.70 

.66. 
.76. 

.65 
.69 

.86 

.61 

.96 

.48 

Mean 

2.18 
2.18 

.86 
.84 

.91 

.70 

.09 

.00. 

.92 

.67 

.68 

«  w.           _           --            --            --        
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Table  Xin. —  Velocities  in  vniical  aections  on  Houaatonic  River  at  OaylordxrUle, 


I 

Date Aug.H.  .          Oct.  2» 

Point  of  measarein«nt 60.                           00. 

Gage  height 3.50.                        4.06 

Depth '  3.8.                          4.8. 

Bed  of  creek Gravel.                  Gravel 

Wind None.  ,          None 

Direction I ! 


». 

Nov.  13. 

Nov.  23. 

00. 

«». 

- 

4. 82. 

4.11. 

«.2. 

4.8. 

1. 

Gravel. 

Gravel. 

. 

Very  strong. 

GenUe. 

Downstream. 

L'p"*tr««m. 

Feet, 

Ft.  per 
sec. 

0.20 

2.19 

.30 

2.23 

.8 

2.25 

1.3 

2.14 

1.8 

2.07 

2.3 

2.06 

2.8 

1.72 

3.3 

1.35 

Depth. 

Veloj'iity.  Depth. 

Velocity.  Depth. 

Vehxrity. 

Feet. 

Ft.  per 
•ec. 

Feet. 

Ft.  per 
arc.          Feet. 

Ft.  per 
9ec. 

0.6 

2.8H 

0.5 

S.M          0.5 

aus 

1.5 

2.90  ;        1.5 

3.98 

1.5 

2.9S 

2.5 

2.85 

2.5 

3.84 

2.5 

2LH1 

2.9 

2.68 

8.5 

3.50          2.9 

2.61 

3.5 

2.89 

8.7 

3.44  ;        3.5 

2.9i 

4.3 

1.92 

4.5 

3.23          4.3 

1.90 

5.0 

2.50 

1 

Table  XIV. — Velocities  at  regular  interiKils  in  t^ertical  sections  on  Honsatonic 
River  at  Oaylordsville^  deduced  from  data  in  Table  XIII. 

[Velocities  in  feet  per  second.] 


Depths  in  partA  of  total. 


0.05 
.15 
.25 
.35 
.45 


.55 
.&5 
.75 
.85 
.95 


.60 


M(«n 


Ang.  8. 

Oct.  29. 
3.00 

Nov.  13. 

Nov.  S. 

2.21 

3.89 

aoe 

2.23 

2.97 

3.90 

3  01 

2.21 

2.94 

3.91 

3.00 

2.17 

2.90 

3.89 

2.»t 

2.10 

2.86 

3.79 

2.85 

2.02 

2.77 

3.60 

2.7« 

1.85 

2.57 

3.38 

2.52 

1.66 

2.35 

3.11 

2.34 

1.45 

2.10 

2.79 

2.10 

1.20 

1.75 

2.04 

1.80 

1.91 

2.62 

8.43 

t.m 

1.94 


2.67 


3.49 


2.68 


For  the  purpose  of  comparison  a  mean  curve  for  each  of  the  streams 
has  been  determined  by  taking  the  mean  of  all  the  velocities  shown  in 
eacli  of  Tables  II,  IV,  VI,  VIII,  X,  XII,  and  XIV.  To  facilitate  com- 
parison, the  data  for  these  mean  curves  have  been  expressed  in  per- 
cf(»ntages  of  the  mean  velocity  in  a  vertical  section,  and  an^  shown  in 
Table  XV,  the  total  number  of  curves  being  78.  By  this  arrangement  a 
figure  in  the  column  greater  than  100  shows  a  velocity  greater  than  the 
mean  in  the  vertical  section  being  considered,  and  a  velocity  less  than 
100  shows  a  velocity  less  than  the  mean.  The  mean  curves  have  been 
plotted  in  fig.  2.  It  will  be  seen  from  these  curves  that  the  general 
charact-<}r  of  the  vcu-tical  velocity  curves  is  much  the  same  in  each 
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case,  showing  fairly  conclusively  that  we  may  prophesy  as  to  the 
general  character  of  the  vortical  velocity  curve  in  natural  streams 
with  steep  banks  and  from  smooth  to  moderately  rough  bottoms,  and 
depths  of  from  3  to  8  feet.  It  will  be  noted  that  the  ratio  of  the  mean 
velocity  to  the  surface  velocity  varies  from  02  per  cent  on  the  Fiahklll 
to  82  per  cent  on  the  Catskill,  and  that  the  maximum  velocity  of  the^e 
streams  varies  from  13  to  25  per  c^nt  greater  than  the  mean,  and  that 
at  no  point  do  all  of  the  curves  fall  so  closely  together  as  at  six-tenths 
depth.  At  that  point  the  greatest  variation  from  the  mean  is  .2^  i^ev 
cent.  This  shows  that  the  measurements  made  at  six-tenths  depth 
were  subject  to  less  variation  than  those  made  at  any  other  point, 
and  that  in  general,  on  streams  of  the  character  here  represented,  a 
measurement  made  at  that  point  would  represent  approximately  the 
mean  velocitv  in  the  section.  It  will  be  noted  that  none  of  the  curves 
cross  the  line  of  mean  velocity  at  a  greater  depth  than  0.03,  nor  at  a 
less  depth  than  0.56,  showing  that  the  point  of  mean  velocity  oi}  these 
streams  lies  between  these  two  depths. 

Table  XV. — Averages  of  velocity  curves  expressed  in  temis  of  mean  velocity  in  a 

vertical  section  {represented  as  lOo). 


Stream 


No.  of  velocity 
CTiPves. 

Bed  of  stream. . . 


Mean  depth 

Depth    below 

surface    in 

I>arts  of  total: 

0.05 

.15 

.25 

.;« 

.45 

•  K 

.ft5 

.75 

.85 

.95 

Mean 

.80 


Eaopus. 


I 


Ron-  I'Wall- ,  Cats-     Fish-      Ten-    Housa- '  Average 

dont.      kill.    I    kill,    i    kill.      mile,     tonic.  |  of  all  the 

I  1  I  ,  streams. 


12. 


8. 


I 


ao. 


13. 


9. 


u. 


13. 


4. 


78. 


Small  I  Bowl-    Aver-    Bowl-     Silt, 
gravel,    ders.  )   age.    ;  ders. 


Small  >  Large    Sand.  Gravel.  Various, 
gravel  gravel.  |  • 

and 

rock  j  I 

ledge. 


6.5. 


118.6 

120.8 

118.9 

1L5.0 

100.3 

102.3 

M.4 

85.5 

74.9 

60.3 


4.7. 


5.8. 


6. 


.3. 


3.  *m. 


3.7. 


3. 


4.9. 


5.07. 


100.0 
98.9 


115.9  I 

116.6  ' 
115.5 

112.7  I 
109.4  ; 

104.8  I 

98.6  I 

89. 7  j 

77.8  I 
59.0  I 

100.0  ! 

101.7  ' 


117.3 

118.8 

117.3 

113.9 

109.3 

108.5 

96.4 

87.5  ; 

76.3 

50.7 

100.0 

100.2 


117.9 

119.6 

118.5 

115.9 

111.7 

105.9 

97.2 

86.8 

72.8 

54.2 

100.0 

101.8 


119.7 
118.4 
115.4 
111.6 

ior.4 
irfi.5 

96.3 
89.0 
78.6 
61.1 


124.7 

124.8 

121.8 

116.5 

109.7 

101.5 

92.5 

81.9 

70.7 

65.0 


100.0  I    \\t)A) 


110.7 
113.7  , 
113.4 
111.3 
K18. 2  ' 
IW.O  I 

98.3  I 

91.0 

81.2  , 

68.2 

1(X).0       100.0 


116.8 

114.4 

115.6 

114.3 

112.7 

11.3.9 

109.0 

112.4 

1(H.9 

109.5 

100.4 

105.0 

95.5 

97.4 

89.9 

89.3 

83.3 

79.7 

71.9 

64.1 

99.6  1      97.2  I    101.4 


I 


98.1 


1(X).0 
101.2 


117.0 
117.9 
116.3 
113.2 
109.0 
108.6 
96.5 
87.9 

n.2 

61.4 
100.0 


100.26 


In  Table  XV,  under  the  heading  "Average  of  all  the  streams,"  the 
mean  velocity  of  each  depth  given  in  the  table  is  shown,  and  the  curve 
representing  this  mean  vertical  velocity  curve  is  platted  in  fig.  3  as  a 
solid  line.  This  curve  represents  the  mean  of  78  vertical  velocity 
curves,  the   mean  of   the  vertical  velocity  curves  platted  in  fig.  2. 
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It  will  he  noted  iu  this  curve  that  the  relation  between  the  mean 
velocity  and  the  surface  velocity  is  87 ;  that  the  maximum  velocity  is 
18  per  cent  greater  than  the  mean,  and  that  the  point  of  mean  velocity 
is  almost  exactly  at  six-tenths  depth,  the  variation,  as  shown  in  the 
last  column  of  Table  XV,  being  about  one-fourth  of  1  per  cent.  This 
shows  clearly  that  a  measurement  made  at  six-tenths  of  the  depth  of 
a  stream  having  the  general  characteristics  of  those  considered  will 
in  general  i-epresent  closely  the  mean  velocity  in  that  section. 

To  show  the  relation  between  the  velocity  at  mid  depth  and  the 
mean  velocity  in  a  vertical  section  Table  XVI  has  been  compiled 
from  Table  XV.  From  this  table  it  will  be  seen  that,  upon  streams 
like  these  being  considered,  if  the  mid  depth  is  known,  the  mean 
velocity  in  the  vertical  section  may  be  found  by  applying  a  coefficient 
of  0.04. 

Table  XVI. — Relation  between  velocity  at  mid  depth  to  mean  velocity  in  a  vertical 

section. 


Stream. 

Velocity  at 
mid  depth 

expressed  in 
percentage 

or  the  mean. 

OoefBcient  to 
be  appUed  to 
Telocity  at 
mid  depth  to 
obtain  mean 
Telocity. 

Esopus - 

106.4 
108.8 
104.9 
105.6 
106.1 
102.6 
107.2 

0.94 

Rondout - 

.92 

WallWll 

• 

.95 

Catskill 

.94 

Fishkill.... ... 

.94 

Tenmile 

-97 

Housatonic --- 

.93 

- -     — - 

Average. 

106.3 

.94 

Humphreys's  and  Abbott's  observations  on  the  Mississippi  River 
gave  a  coefficient  of  0.98,  while  Ellis,  on  the  Connecticut,  found  0.04, 
and  Wheeler  and  Lynch,  on  the  Merrimac  flume,  found  0.95.  It  will 
be  seen  that  there  is  a  variation  of  5  per  cent  on  the  streams  beiug 
considered  in  this  pax)er,  and  that  the  results  of  Humphreys  and 
Abbott  on  the  Mississippi  and  Ellis  on  the  Connecticut  vary  from 
each  other  by  4  per  cent,  although  the  rivers  are  both  large  and  have 
somewhat  the  same  characteristics.  In  view  of  these  facts,  it  seems 
that  it  is  somewhat  better  to  measure  the  velocity  at  the  point  of  mean 
velocity  than  to  measure  the  velocity  at  mean  depth  and  apply  a 
coefficient. 

It  is  very  evident  that  the  character  of  the  bed  will  aifect  to  some 
ext€^nt  the  form  of  the  vertical  velocity  curve.  A  rough  bed  would 
be  expected  to  retard  the  velocity  near  the  bottom  of  the  stream. 
None  of  the  streams  under  investigation  may  be  considered  to  have 
extremely  rough  beds,  but  by  comparison  the  beds  of  Rondout  Creek 
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and  Housatonic  River  may  be  said  to  be  rough,  while  those  of  the 
Wallkill  River  and  Tenmile  Creek  are  smooth  at  the  point  of  measure- 
ment. Part  of  the  bed  of  the  £sop1is  is  rough  and  part  smooth.  In 
order  to  determine  the  effect  of  the  variation  in  the  beds  on  the  flow, . 
the  results  in  Table  XV  have  been  classified  in  Table  XVII  into 
streams  with  rough  and  smooth  bottoms,  the  Rondout,  Housatonic, 
and  part  of  the  curves  on  the  Esopus  being  in  the  first  column,  and 
the  Wallkill,  Tenmile,  and  remaining  observations  on  the  Esopus  in 
the  second.  The  results  shown  in  these  two  columns  have  been  plotted 
in  fig.  3. 

It  will  be  seen  that  the  rough  bed  causes  a  drag  at  the  lower  end  of 
the  vertical  velocity  curve,  due  largely  to  eddies  formed  at  the  bot- 
tom of  the  stream.  This  retardation  of  the  water  near  the  bed  of 
the  stream  causes  the  point  of  mean  velocity  in  the  vertical  section 
to  rise,  and  a  measurement  of  velocity  made  at  0.60  depth  will  there- 
fore be  too  small.  With  a  smooth  bed  a  measurement  made  at  0.60 
depth  will,  in  general,  be  too  large,  the  filament  of  mean  velocity  being 
nearer  the  surface.  In  other  words,  in  making  a  measurement  of 
mean  velocity  in  a  vertical  section  the  meter  should,  in  general,  be 
suspended  above  0.60  depth  in  streams  of  rough  bed  and  below  0.60 
depth  in  streams  of  smooth  bed.  In  the  rivers  here  considered  the 
variation  of  roughness  of  beds  is  so  small  in  the  different  streams 
that  the  error  in  assuming  the  velocity  at  0.60  depth  to  be  the  mean 
velocity  in  the  vertical  section  would  not  be  great,  but  in  streams  of 
very  rough  beds  the  variation  would  be  more  marked. 

rTABLB  XVII. — Relation  bettoeeti  velocities  in  vertical  sections  with  smooth  and 

rough  bottoms. 


Depth  below  aurface— in  partn  of  total. 


O.05 
.15 
.25 
.35 
.45 
.55. 
.65. 
.7$ 
.85. 
.95 


Smooth  bot- 
tom: 
Esopns,  Wall 
kill,  Tenmile. 


Velocity  in  per- 
centage oj  the 


mean. 


Mean 


.60 


118.7 

118.8 

116.2 

112.4 

107.6 

102.0 

95.4 

87.8 

78.1 

63.0 

100.0 

99.0 


Roaffh  bot- 
tom: 
Rondout.  Hou- 
satonic. 


Velocity  in  per- 
centage of  the 
mean. 

116.2 

117.0 

116.0 

113.8 

110.3 

105.3 

97.7 

88.3 

76.5 

58.9 

100.0 

101.6 


FLOW   OF   BIVERS   NEAR   NEW   TOBK   CITY. 


It  iH  frequently  desirable  to  measure  the  flow  of  rivers  and  cHnal" 
when  tliey  are  eovererl  with  a  coating  of  ice.  It  is  quite  clear  thai 
the  Kaine  relations  in  various  part«  of  the  channel  do  not  hold  good 
when  the  channel  is  covered  with  ice  as  when  the  surface  is  open. 
The  friction  l>etwi-eii  the  water  and  the  ice  retards  the  surfai-e  veliy- 
ity,  and  it  i«  possible  that  in  a  few  cases  the  river  may  flow  under  a 
head  if  the  ice  cake  is  heavy  and  held  firmly  in  position.  In  inakitii; 
measure  men  ts  of  the  flow  of  a  river  when  fronen  over,  floats  can  not 
be  used,  ami  in  genera!  a  current  u)eter  is  the  most  8«*r\'ic<'aWe 
instrument. 

Dixtani'u  tnim  abutnwut  In  feet- 

i>       lu       M      in      to       suviniMisoiuiuouuiaoitt 


Fia.  4.-Cro9a  section  at  WaUkiU  River  at  New  P&lti.  Bbowing  ice  coTer  u 
Telocity  in  river  cliitnni'l.    i  Note.— UeBauromeDts  taken  JuKury  33,  ISUi;  11 
Telocity  being  made  with  tbu  current  meter;  mean  Telocity.  3.23  feet  per  senmd:  lU-^btrfiT. 
e.ues  Bucoad-roet.    The  dotted  lino  HhowB  the  poaitlim  ol  mean  Telocity  Id  the  vertic«l  sn-ii.K 

During  the  winter  of  I'JOl-i!  observations  to  determine  the  chan^i- 
of  velocity  in  a  vertical  plane  below  the  ice  were  made  on  Wallkill 
River,  and  Esopus,  Rondout,  and  Catskill  creeks,  and  the  data  col- 
lecle<l  are  presented  in  the  following  tables,"  The  observations  wen 
made  by  cutting  holes  thi-ongh  the  ice  large  enough  to  admit  a  current 
meter.  The  thickness  of  the  ice  in  each  case  is  given  in  the  tahle. 
and  the  fact  that  the  water  i-oso  in  most  cases  to  a  point  about  Riij'h 
with  the  surface  of  the  ice  shows  that  there  was  some  pressure  upnu 
the  flowing  stream.  It  may  be  of  interest  in  passing  to  note  the  di; 
tribution  of  the  velocity  in  the  cross  section,  as  shown  in  fig.  4,  th' 
result  of  the  gagings  made  on  the  Wallkill  River  at  the  New  Pal!: 
gaging  station,  Janiiarj'  23,  1002.  The  total  area  of  the  water  sec- 
tion was  1,1:<80  square  feet,  the  mean  velocity  3.23,  and  the  dischars* 
6,003  second-feet.     One  hundred  and  seventeen  measuremeatei  wi'n-  ; 
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made  with  the  current  meter,  and  the  points  are  platted  in  the  figure, 
the  velocity  in  feet  per  second  being  noted  beside  each  point.  The 
mean  velocity  in  feet  i)er  second  in  a  vertical  section  is  shown  by  the 
figures  across  the  top  of  the  section.  A  dotted  line  showing  the  posi- 
tion of  the  mean  velocity  in  the  vertical  sections  has  been  drawn  on 
the  cross  section.  It  will  be  seen  that  the  maximum  velocity  occurs 
near  the  center  of  the  channel,  and  at  about  mid  depth,  and  that 
the  effect  of  the  ice  covering  is  to  form  a  covered  flume,  the  curves 
of  equal  velocity  being  much  the  same  as  have  been  plotted  occasion- 
ally for  such  flumes.  The  water  just  below  the  ice  is  so  retarded  that 
there  are  two  points  of  mean  velocity,  as  shown  in  flgs.  4  and  5. 

In  the  following  tables  are  given  the  results  of  measurements  made 
in  vertical  sections  upon  the  Above-mentioned  rivers.  These  measure- 
ments were  made  with  a  single  meter,  the  velocities  being .  taken  at 
intervals  of  from  1  to  2  feet,  these  distances  being  shown  in  each  case 
in  the  t^ble.  Tables  XVIII,  XX,  XXII,  XXIV,  and  XXVI  show  the 
velocities  as  determined  by  actual  measurements.  At  the  head  of  the 
table  are  given  the  date,  distance  from  initial  i)oint  of  sounding,  gage 
height  at  the  time  of  measurement,  total  depth  of  the  river  (includ- 
ing ice),  the  thickness  of  ice,  and  the  depth  of  water  under  the  ice. 
In  every  case*  the  depth,  as  given  in  the  body  of  the  table,  refers  to 
the  depth  of  water  under  the  ice,  the  lower  surface  of  the  ice  being 
considered  as  zero,  and  the  distances  being  measured  in  feet  and 
tenths.  Where  not  otherwise  stated,  the  ice  was  smooth  on  the  lower 
side.  Some  curves  were  made  with  ice  broken  and  tilted,  but  the 
results  were  quite  different  from  those  obtained  with  smooth  ice,  and  the 
results  have  been  given  in  separate  tables  (XXIX  to  XXXIII).  The 
retarding  influence  of  the  rough  ice  was  decidedly  greater  than  that  of 
the  smooth  ice  and  is  so  variable  that  no  law  can  be  formulated. 
Tables  XIX,  XXI,  XXIII,  XXV,  and  XXVII  are  derived  from  the 
preceding  tables  by  platting  the  vertical  velocity  curves,  as  shown  by 
the  original  data,  and  taking  from  this  curve  the  velocities  at  regu- 
lar intervals,  one-tenth  of  the  depth  apart.  The  sum  of  these  veloci- 
ties divided  hy  10  will  give  the  mean  in  the  section. 

In  Table  XIX,  and  the  others  of  a  similar  character,  a  column 
has  been  added,  headed  "Per  cent  of  mean."  The  figures  of  this 
column  are  obtained  by  dividing  the  corresponding  figures  in  the  adja- 
cent column  by  the  mean  velocity,  which  reduces  the  data  for  each 
velocity  curve  to  a  similar  curve  whose  mean  is  100,  and  as  the  depths 
are  then  expressed  as  percentages  of  total  depth,  and  the  velocities 
as  percentages  of  the  mean  velocity,  the  comparison  between  the 
curves  is  facilitated.  In  all  cases  for  which  the  data  are  included 
within  these  tables  the  ice  on  the  surface  was  smooth  both  on  its 
upper  and  lower  faces.  The  few  velocity  curves  taken  at  times  when 
the  ice  was  broken  and  tilted  are  shown  in  separate  tables. 

IRK  76— 03 i 


50 


FLOW   OF   BIVEBS   NEAR  NEW   YORK   CITY. 


[so.  73. 


t? 


00 

O 

O 


? 

o 

I 

a 

> 

< 


9» 

o 


o 


►9 


Si 


9  ^  *^  "*  ^* 

*  Ji  -  *=■  5=i 


\«^lOOl9A 


SJ  R,  $    ^    «    "♦    '^    V    '*    -* 


"«<•  "*  0©  oe  ee  9* 


-ir^doa 


09    O    «0    91    OO    -^    O 


©r^»i^.et^»5:5SSSSS 


te  o  to  o  «  u3 
o  ei  00  le  id  QD 


d 

4 


d 


a 
aa 


a 


i 


d 


8 
G 


-•  S  *  *  <=! 

»-  ^-  •  d  s 


*q^doa 


S  Si  S  S  S  3§ 


cec9'«<«"*'«<«-*'*'*'«*"*oees*» 


•e  o  e  »)  »  iC 


d   S    «:   ad    O 

*  u  3  «  ;s 


\«^HK)ioA 


oico-^-^^^-^'^ceco 


mdoa 


**i    d    rH    oi    -^    5S    l'^    06 


b-    QD    1^ 


d  8j  <^:  <=!  ^ 

25   1^    «e   ri    »q 


•i^looieA 
■q^d9a 


"•wieoceeceoccee 


e;^?- 


CC  90  CO  9C  00  OO  M 


**!  o  »H  «  CO  la  I-  flc 


CO  9*  O  O  «  »-;  lO 
_;  d  -^  »i  •!  CO  •• 

^  «-H  t-N  »H  •— 1  1--  r^ 


T^      ■      ■      ■ 

^-  W   •♦   "*   C! 
9  ,^  lO  >H  <« 


■^^i^oioA ;  K  y  s  2  s  3  ^  ^  ^  *• 

^  •*•*  oiooooeooseocci-' 


•q^jdea 


*4d^coie»^o6jlj 


00 


O    5S    QO    ©    00 

^^  .  ■  •  • 

rl    jj    00    rH    I-, 


•q;dea 


'*'ft.«    d    r^'    ,-;    r4    .4    r4        • 

^JCOCOOOOOCOCOOO 

*idi-ioicO'*ied 


e 


eo 
I- 


t-  *-  •-• 


cc  o  CO 

d 


•i£»iooi9A 


^t^  €  »  ^  S  8  So  B 


O     •-<     rH     »H     1-1 


•q^doQ 


>JCO0O0O0C0O0O>^ 

f^  d  -; 


04    00    ■«    to    CO 


s 


;   ^   oc   o   X 


.J    CO    r-l     »ft 


^  •^*     O     IH     f-4     »-l     »-< 


•q^daa 


«J    00    CO    00    00    00    OO 

s;  d  ^ 


04    00    ^    lO 


^  d  M  ^' 


•iE^jooiOA 


t^  --•  -^ 


s;ft,3g  c>  •  ■  • 


OO 


"^      ^  S  ■<4<  ■^'  d 
^      ^  r^  »  d  oi 


•qjdoa 


^    CC    CO    00    00 
**«    O    «-t    OJ    ©» 


W^*    04    M    04    M    0«    ri 


S'  iQ  d  t<  »i 
-   r-i  OS  o   a 


■qidea 
•X^jooieA 


ai 


»« 


fe  •>*"  1-  »rf 

^      »'  ;:5  22  d  ;i 


^  f^  «  »'•  « 

^  ;:;  ?J  o  S 


•q^doa 
•^^looiQA 

•q;d©a 
•X^iooieA 


CO  CO  CO 

•  •  • 

o  r-t  eo 

;:!:  s  s 

oi  OJ  04 

QC  90  00 

o  9i  -^ 


Oil  O    lO 

•  a               * 

le  t.  oD 

04*  oi 

00  t- 

d  oc 


CO  00  OO 

^      .-4      «->■ 

M    CO    CO* 

do*'* 


?2  5  S 

04  oi  «-4 

«  »  ^ 

so  X  JI3 


•mdod 


?i  B  :: 

04    CO    00 

XXX 

•  •  • 

o  o<  -* 


t*  S!  S 

oi  oi  i-H 


XX* 
»    OO    S 


0) 


>     .  Oi     4;  4>  T; 

■M  ^    T3  C  2 

•S  o  ri  ^  "B 

•i  I  5  -a  p. 


♦;  ,13  '^  W  rt 

■5    ^  CJ  ^  ^  -^  Pi 

tf    o  H  eS  o  fQ  o 

p  a<  C5  H  ^  Q 


PRS88ST.] 


FLOW   OF   BIVEBS   UNDER  ICE, 


5r 


Feb.  24.       Feb.  24. 

80.                40. 
7.38.       1       7.38. 
7.3.               5.9. 
2,0.        '       2.4. 
5.8.        1       8.5. 

•q^doQ 

e^lo 

^L           ■■•■»■■ 

««OO.-if-iN9J08 

»:t^^S8&lo9 

«•«.*     d        •    r4        •        •        • 

— 

— 

—  1 





•q^daa 

•tJ    00    00    00    00    00    00 

fti  d     '  ^  M*  eo  ^ 

— 

Feb.  24. 

90. 
7.88. 

8.0, 
2.0. 
6.0, 

•^nooieA      £;|,8i^^^S.  "^ 

1 

■ 

■q^doQ 

^  9)  lo  lO  lo  le  lo 

^    d    d    rJ    M    CO    ^ 

id 

— 

— 

Feb.  10. 

90. 

7.78. 
8.5. 
1.0. 
7.5. 

•^^i^PA  es,82!S-^2! 

1 

•qvioa 

^  00  o  o  o  o  o 
K|  o  f^  o>  ^  «D  r<- 

— 

1 

d 

.         ^    g    «S    O    -5 

•X^Iooi«A 

Ft. 
per 
sec. 

1.10 

1.45 

1.65 

1.34 

1.10 

— 

— 

- 

— 

•o      w  ^^.  »,  ^  d                      - 
b                                       -qt^dea 

jj   00  o  o   o  o 

^    d    rH    CQ    id    « 

-«-n.A'^Ua88^5B8 

1 

Q         53    — ;    »"•    ^    O 

4         "^    Oft    f-i    "^    »-• 

.».t«tn..>v               >iooooooooaooooo 

q^d»a         5  c>  d  <rf  ^  d  od  oj 

• 

Jan.  81. 

90. 
9.07. 
10.0. 
1.0. 
9.0. 

a;tooioa     s;  §,38  ^  ^  ^  ^  ^-  ^ 

•^^daa       ^  S  S  S  S  5  5 

- 

'— 

1 
«           »j     •     •     • 

^    g    00    O    00 

•^TooxBA      ^IliSS^^IS 

•^<»«Ki       s  d  S  S  2  5  S 

— 

Jan.  31. 

70. 
9.07. 
8.8. 
1.0. 
7.8. 

•qidea  '           ^  r  ~  «  «  «?  « 

— 

— 

— 

Jan.  81. 

40. 
9.07. 
6.8. 
1.0. 
6.8. 

•^;iooi9a'    ^y  S^^^S 

- 

-q^dea 

^    00    CO    00    00    CO 

^     d     fH     «i     ^     id 

Jan.  23. 

110. 
17.38. 
19.8. 
0.8. 
19.0. 

A^IooieA      ^  S,3I  «  CO  »  ^'  ^  ^-  ^'  ^  ^  «  »  M  ^ 

•q:>ddci 

♦J  t-  I-  •«#•  -^  00  to  »?  •  «  CO  q  c:: 

^dr4cd.ddo6S;3SS:9t-;J^ 

1  ^ 

®     g  s  «  «  • 

g     §  5i  S  o  « 

•XilooioA 

^  &<«  <M  09*  ed  ed  ^  ^  ^'  ^  ^'  ^ 

ci 

4 

r-  < 

1 

•q^dea 

13.7 
17.5 

J 


d 

at 


.  g  »-;  ^.  o 

*  »^  !z  6  li  

•q^daa 


a^ 


S  S  53  SS  8  28 

od  00  '*  •«#  '^  '* 


S  3  S  S 


^    ^    09    CO 


00    03 


oi 


SS«Ji 


CO  iH  «e  M  00  ^ 
d  i-i  oi  -^  id  t^ 


o  >« 

Oft   S 


o  u^ 


CO   o 

•  » 

^    CD 


lO 


I 

a 


5a  2  I 


h2 


FLOW   OF   RIVEBS   NEAR  NEW   TOKK   CITY. 


[90.71 


I 

Ml 

•f* 


I 


.§i 


8 

« 


8 


'Qvoin  JO 
ineo  JL9^ 

•X;faoieA 


S^BBBBSB^n 


8 


SS^ScdSSSSSS 

s 

ee'<«i<4i-<«i'<^-<««^eoeoo) 

o6 

'Qvenx  JO 

»-«    r^    r^    rH    i-t    fH    .-H 

1 

1 
*X;i30TeA 

SSSiSSSfiSSSS 

8 

1 

oe'<#'*'*'^'*'^'*e6« 

•♦ 

si 

I 

••a 

Si 

i  I 

0 


t 


555 
9J 


o 


8 
•5 


S 

5h 


I 


8 

* 

I 


* 

0 
•-8 


andozjo  I 
•l;|ooieA 


SSS&SS383SI8 


S^Si^SSSS^ 


09 


8 


-avom  JO 


f2S&8S8S88£ 


00    oo       *<<* 

8 


•XwooioA 
-a«»in  JO 

%J190    29^ 


89IdS8S88SS 

M    CO    CO    OO    ^    Od    OO    CO    CO    CO 


8 


sssg«$:s:2::=;sS8 


s 

in 


•X^iDoieA 

SSSSSS^S^^SS 

s 

•ieooooooeeoeeeooiwi 

CO 

'UVdca  JO 

%U90   JL9^ 

rH     r^    r^    «H     r-4     r-l 

§ 

^X^HooieA 

8^3ISiVi8S8S8& 

s 

• 

-avem  jo 

«§SSSS§8s« 

1 

•l:>iooioA 


tH      I 


I 


'avota  JO 


^^8S8^S2fiS8S 

g 

O     iH     iH     ?-1     «^     rH     iH 

tH 

ssgSSSgstes 

8 

•X^HOoioA 


S3 

•n 


'a«9ui  JO 
9tieo  j[9({ 

•l^lJoieA 
uoeux  JO 

%U90    Jdc} 

'^looieA 
-avoot  JO 

%J190    JdJ 


S  8 

•       • 

;S8SJ388S?J 

» 

O    ^    r-t    r-i    ^    iH    ,-1 

rH 

s§ 

;:!:^^s&S8S 

n 

r^       I     •       .    I       .    I      .   -       r    1 

t-«aoeS95aSSao(-*S'9 

^ 

o 

o 

SSISSSBSSSS 


8 


SlSttggS^S^i^S 

5 

019I»10i|919)0ie4'Mi-l 

M 

«s§§SSS§s8g 

8 

•j£;TjoidA 


88?fegS.^K8888 


i»I91M9)iM(M04OJ9494 


$ 


9) 


-QBOUI  JO 


I  -iCciiaoieA 


8fe»?332;=!8g?28l8 

rH    rH    fH     rH    iH    i-<  ;    rH 

^^:ssi^358^83    ;s 

9iMc6eQ0Oe49«9i9)r4l»i 


'uoem  JO 


S3 
t 


i-i    r-l    ^    »-«    r-t    rH 


'>«O«7099CO9ie4Mav|i-<l        «l 


s 


(3 


d 


PRttdiiT.] 


PLOW  OF  RIVBRS   tJNDEB  lOE. 


&3 


M 


f^SSSS2§S38S 


8 


!   SSSSSSts^^s^ 


kO 


%X19D    Jd({ 


8S;?SJ:;3SSSg!S 


9 


60 

4 


4 


-nvdox  JO 


S§ggS3§S2SS 


8 


*a«9nz  JO 

%U9D    J9J 


^SSSSSSSSSS 


O  Tl      l-t 


s 


T-»     ^     ^     «-<     fH     »-» 


•-^^joox»A  !    '^^^.  ^^^^^^^ 


§ 
9 


'wa&va  JO 


gg;5«3J52B8lc?28 


\£:«ooioA 
-noain  jo 


;^:$S@382i^S$S 


5? 


2$gS;:JSSS8»t 


•XcH^oioA 


^^^^^'^t^S^^ 

oS 

r-40t&i»i«i<>i9i9i»ii-i 

M 

'a«9ai  JO 


WOr-if^fHi-iOCiQCW 


3 

^3 


8    a 


•it)poi»A 


£3S^$$g^U:§8S 

8 

W*9i0i^t0i9i9ir^r^r-l 

94 

'Qvem  JO 


SgSf3;^38SS8?2 


8 


cS 


00 


i 


AiooioA 

'nveux  JO 

8|2US2SaBs3S 

i 

•XllDOTOA 

S^^^SS;:?S8SS 

8 

•-l9)»iM9I910>2rlfHr-) 

<Si 

'craaax  jo 
^nao  ja  J 


•AjiooiaA 


SSS8?it^8$SS^ 


8 


9 
H 

A 

9 
9 

9 

I 

OD 
9 
O 

a 


'a'Banx  jo 


f5$8;=l2?S8S8S 


8 


•XijooiaA 


a58S?;?i)S838285g 

f2 

*»eO'*'*'*"«i''*«oo*i 

CO 

'uvam  JO 
%UQi)  jaj 


£S8B8$B8S8 

r-<     r1     fH     rt     i-«    »H 


•X4i»oiaA 


8£8l:;SSSS$S    8 


eo  CO 


00    CO        CO 


'avanx  jo 
%U0O  jaj 


5    .    AlooieA 


S5S8;5SSS$Sf3 


Si:S8^ass;?§B 

3 

00<*-^'*<*"«<«'*OOCOW 

cc 

o 


Pi 


r  • 


83S@^3S{e^S 


•        •        • 


P4 


FLOW    OF   RIVEKS   KEAR   NEW   YORK    CITY, 


rno.Tli 


00 


O 


< 


S 


S 


•A  s 

P4 


CO    M 
CO    C> 


fl  8  S  "^  -1  ® 

«    r-<    «•     «    O     «0 


«s 


4 


j  S  -1  -I  ® 

-    00    O    oc 


w»  lO  o 


$s 


?S  S  8  * 

•O    flO    o    '^ 


3S       ^    .    .    . 

^    O-    ;*   CO    cc    o 

tt>     ^     Ob     ®     O     « 


^ 


4  s 

®  *' 

^ 


00    r-1    l- 
lO    O    Iff 


^g    3D    04    «0 
eft    «    O    «0' 


2 


8 


OS 


I? 


^ 


^     '  iA     '     '     '     ' 


& 


•    9>)    Oft    Oft    Oft    Oft    Oft    Oft 

^*    •     a     «     ■     •     •     • 

5? 


& 


^• 

•      ■      ■      a      •      a 

O  ^H  r^  rH  t-H  i-H 

s;-* 

• 

» 

CO  ra  CO 

CO 

kO 

V 

O 

r4  M  m 

-♦ 

kO 

JV 

I*, 

ss 

9  S;^  ^  S  8 

H«c^  -^     r-i     T-i    ^     r^     r-i 

Si'' 

^  » 

00 

eo  eo  eo  oo  CO  lo 

^  o 

I-I 

oi  00  ■<««  in'  «D  b^ 

4 


>k 

5> 

t      g  15  B  B  S  3 

Q^  ■  t    _•      •      •      •      a      a 

**"S?  O  rH  r-l  r^  -H 

Depth. 

.  lO  lO  lO  O  to  U3 

^^      a      a      a      a      •      a 

^  O  rl  »)  00  00  ^ 

I 


^SSSS8S!S 


0) 

p. 


^s 

o 

a 

a 

r- c 

a 

a 

• 

l-l 

a 

• 

?* 

• 

kO 

to 

•O 

•O 

•^ 

•o 

« 

« 

V 

d 

r^ 

0) 

CO 

"♦ 

-I' 

kO 

«o 

^ 

^ 


S  8  S  8  Si  @ 


•      a 


04  OO  M  04  9t  (-I 


^ 

Pi 

!tS 

(S 

li 

a 

k 

4^ 

Ko 

0 

> 

k' 

kO  kO  kO  lO  kO  kO 

d  T-i  oi  oc  'W!  le 


$D  OS  A  cB  00  w 


I 


i 


•  CO  o)  o)  o)  «k 
^M  •  •  •  •  • 


o« 


V  O  r-4  M  CO  -«  kO 


5,C  ^  ^-  ^-  ^  ^  ^  ^ 

*  s 


^COOOCOOOOOCO^f 


Jdr^oico'^idto 


i 
i 

8 

I 

8 
o 


u 


^RBSSBr.] 


PLOW   OF   RIVEBS   ITJ^DER   ICE. 


55 


1^ 


si 


o 
s 

00 


.2 


^ 


I 


^ 


rH     t^     fH     fH     rH     r-l 


8 


fSSSgSSSg^S:S 


S 


S5S$;:;SSSSSS 


8 


^S8ggS8^gS;f:g 


^ 


gSsjaSSSggJlj 


;$^S$SgSS8S2 


8 


$  8 


00 


UB  Zi  :^\S 


SS^B  S  S  S  ?iS 


S 


»-«    i-«     rH     ^     r-t    rH 


8 


Id  3^  as  8  8  S  8  S  r:  SS 

O  '   i-i   i-i   i-i   t-5 


Str«oo»t«otaa^Q«D 


8 


5l5  8$8$g?5lfei9 

»l  ei  00  00  00  oi  »)  oi  94  i-i 

91 

*isss§§i^^ 

§ 

© 


s 


ObOOi-iOQoS^t^       S 


S^SS:S9^&oSi^ 


^ 


o 


s 

I 
I 


1 
I 


66 


FLOW   OF   RIVEBS   NEAR   NEW    YORK   CITY. 


IHO.TB. 


8      -* 

^  a  S  r  «  ^ 


^ 


h    8  s  ^  e  ^  8S 

**€J    rH    ^    iH    »-I    «-J    .-5 


!  « 


o»  a»  a»  o»  a» 

•         •         •         •         • 

o  vH  M  ee  •« 


Oft    lO    <^ 

•  •  • 

^-  ^   « 


*•  ffl  ssi  <^  -'* 

•g   »   ac   *'  -H* 


s 


s  ^:-5oi 


•g  ^  «• »'  »- 


-J   g.   8   C5   W   at 


t*  ©  « 


.    ^    g    iO    ♦»    00 

2g  ^  t^  «o  o  «0 


^  *  «*;  w  d  « 


I 


s 


8              a  •  • 

«  r-l  i-H 

•  ■  • 

«;;  «  o  «o 


i_ 


§ 
s 

0 


11,5  2  S 


I 

> 


I 


^5 


& 


§• 


if 

1 


5 

Pi 


0) 

P. 


> 


0) 


P. 


•         • 


I     986689!S 


tt    A    Cft    A    O^    A 

•       ••••• 

o  f^  M  ee  '^  iQ 


r 


SS  8  S  fS  S  S 

rH    •!    r-4    rH    1-i 


.•0OiH«-liH«Hf-4r^ 


r 


t-«  9«  ee  ■<««  10 


1^  .  9  '^  8  S  «  SS 

^y    ©    r-J    »-!    i-J    1-" 


r 


lO  10  le  <o  t- 

1-4    9i    06    ««    lO 


^8 


B  V;  ^  :^  S  ^ 


CO 


CO    OQ    CO    00    00 

oi  CO  ««  kd  «o 


»-     8 


58 

r 


S  ^  9  8  ^ 


.     00     00 

00   00   00   00 

51    CJ    rH 

0<    CO    ■««    kO 

8;g89 

«      ■      *      • 

.    CO 


CO    00    CO    ^    A 

•  •  »  *  • 

<H    0«    00     -«•    «0 


^ 


S5  r:  r:  8  S 


r 


'*<<    -^i    -^    lO    «D 
r-i    O)    06    -^    id 


I 


U 
I 

I 


© 

i 


O 

I 

s 

3 


i 

s 


o 


.] 


FLOW   OF   BIVERS   UNDER  ICE. 


57 


I 


o 

O 


o 
2 


^ 


X 

3 

< 


> 


fc      ^ 


9 


:;i       0>    • 


g.       i_ 


ftiO 


SoS&^^SSoobS 


8 


SS€'<o)oSS29a    3 


cent 
ean. 

^ 

■ 

J3 

PhO 

• 

• 

b 

J.  >»   1 

>l 

S&S;^;=!8cSIb^C^'8 


iiSioS^S^^SSliS 


ss5SSS3;^sss$ 


8 


>8 


sssss&'«$srs 


.-i»-^r-i»|*lfH.-ir-<f-< 


3 


(Vi  o 


?gS^^3^23SS^ 


.  >» 


^1 

■**  d 

S  S 

• 

&;S 

■ 

&^ 

« 

• 

•^ 

,  ►. 

«*i 

^8 

S  8  s  ss  ^ 

S  55  fe  8  f:: 

Bsrf               ^^               ^^             ^^ 

SI 

• 

S2  £ 

S  S  $  ^  3S 

n!§S 

8 

SSSVi^^S^S 

■        • 

r-i 

Ot-<»HrHrH»-«^Hf^»-^ 


5 

Pi 

O 
h 
9 

•8 


-1      i    o 


8aSSSS28«{-    s 


S3^il^$^SSS 

ss 

CJ^'r-Ji-JrHr-trlT-ir-l 

Tl 

S*5»:;S;^S8gS?R 


S32;s;2;s8aES8 


s  s  j'^  je  j«  g  «®  s  3  t$ 


3 

S 

o 


5 

& 


(4 

9 
9 


i   8:3£S8^SS.'^£S 

Id 


58 


FLOW   OF   RIVERS   NEAR   NEW   YORK   CITY. 


[HO.iI 


Tablr  XXrV. — Velocities  in  vertical  sections  under  ice  on  Catskill  Creek.^ 


Date 

Feb 

.27. 

Feb 

.  27. 

Feb 

.  27. 

Feb.  27. 

Feb 

-27. 

Station 

2:1 

4.50. 

23. 
4.96. 

30. 
4.60. 

40. 
4.70. 

60. 

Qage  height 

4.8a 

Total  depth 

4.1. 

4.7. 

4.5. 

5.8. 

4.7. 

Thickneos  of  ice. . . 

.5. 

1. 

1.2. 

1.5. 

Depth  of  water 

3. 
Depth. 

4. 

4.2. 

8.5. 

4.6. 

a  2. 

Ve- 
locity. 

Depth. 
Feet. 

Ve- 
locity. 

Ft.  per 
aec. 

Depth. 

Ve- 

locity. 

Depth. 

'    Ve- 
locity. 

Depth. 
Feet. 

Ve- 
locity. 

Feet. 

Ft.  per 

iWC. 

Feet. 

Ft.per 
tec. 

F^et. 

Ft.per 
»ec. 

Ft.per 
9ec. 

0.4 

1.37 

0.8 

1.50 

0.3 

1.42 

0.3 

2.31 

0.3 

1.55 

.9 

1.57 

.7 

1.94 

.5 

1.84 

.7 

2.41 

l.TT 

1.4 

1.57 

1.2 

1.96 

1.0        2 

1.1 

2.44 

1.2 

1.77 

1.9 

1.49 

1.7 

1.89 

1.5        2.(B 

1.0 

2.47 

1.7 

1.61 

2.4        l.lfi 

2.2 

1.T9 

2.0  1      1.91 

2.1 

2.44 

2.2 

1.35 

2.9 

1.0 

2.7 

1.62 

2.5  ;      1.74 

2.6 

2.38 

2.7 

l.OS 

\ 

3.2 
8.7 

1.87 
1.07 

3.0  1      1.55 

3.1 

4.1 

2.31 
2.14 
1.89 

........ 

n  Bed  of  Htream  rock  ledge  from  0  t/O  55,  with  gravel  and  silt  over  remainder  of  bed. 


Table  XXV. 


Velocities  at  regular  intervals  in  vertical  sections  on  Catskiil  Creek 
under  ice,  deduced  from  data  in  Table  XXIV. 

[Velocities  in  feet  per  second.] 


Depth  in  feet. 


Feb.  27. 


Veloc- 
ity. 


0.05 1.24 

.15 1.42 

.25 1.55 

.a5 1.80 

.45 1  1.56 

.55 1.48 

.65 134 

.75 1.19 

.«) 1.01 

.95 81 

Mean L.'B 


Per 

cent  of 

mean. 


94 

108 

117 

121 

118 

112 

102 

90 

77 

61 

100 


Feb 

.  27. 

Feb 

Veloc- 
ity. 

Per 

cent  of 

mean. 

Veloc- 
ity. 

1.45 

92 

1.21 

1.82 

115 

1.86 

1.95 

123 

1.98 

1.91 

121 

2.04 

1.86 

118 

2.08 

1.75 

111 

1.95 

1.60 

101 

1.85 

1.42 

90 

1.72  ' 

1.19 

75 

1.56  ! 

.85 
1.58 

54 

1.32  1 

100 

L75 

Feb.  27. 


Per 

cent  of 

mean. 


106 

118 

117 

116 

HI 

106 

98 

80 

75 

100 


Veloc- 
ity. 


2.80 
2.42 
2.46 
2.47 
2.44 
2.40 
2.32 
2.20 
2.(H 
1.T5 


2.28 


Per 

cent  of 

mean. 


101 

106 

108 

108 

107 

105 

102 

97 

89 

77 

100 


Feb.  27. 


Veloc-  J^- 
ity.    <»»*«»' 


mean. 


i.as ! 

1.68' 
1.78 
1.78 
1.71  I 
1.6B  I 
1.43 

i.se ! 

1.01  i 
.75 


1.48 


117 

122 

124 

t!» 

111 

100 

85 

70 

54 


100 


The  data  contained  in  Tables  XIX  and  XX  have  been  rearrange*! 
and  combined  in  Table  XXVI.  The  mean  of  the  26  vertical  velocity 
curves  taken  on  the  Wallkill  is  shown  in  the  column  headed  "Mean." 
The  26  curves  are  then  separated  according  to  the  depth  of  wat^r 
under  ice  at  the  point  whence  the  observations  were  taken. .  In  two 
observations  the  depth  of  water  was  less  than  6  feet;  in  thirteen  it 
was  from  5  to  10  feet,  and  in  11  it  was  from  10  to  20  feet. 
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To  bring  out  graphically  the  form  of  the  vertical  velocity  curve 
under  ice  the  data  in  Table  XXVI  have  been  plotted  in  fig.  5,  where 
tlie  solid  line  represents  the  mean  of  the  26  vertical  velocity  curves 
taken  in  the  Wallkill.  It  will  be  noted  that  a  decided  drag  occurs 
at  the  surface  as  well  as  at  the  bottom  of  this  mean  curve;  that 
the  maximum  velocity  occurs  at  a  point  about  0.35  of  the  depth, 
and  that  the  mean  velocitj'  in  the  vertical  occurs  at  about  0.13  and 
0.73  of  the  depth.  There  will,  in  general,  always  be  two  points  of 
mean  velocity  in  vertical  velocity  curves  taken  under  ice. 

The  results  shown  in  the  three  last  columns  in  Table  XXVI  are  also 
plotted  in  fig.  5,  and  show  the  effect  of  the  variation  in  depth  upon 
the  form  of  the  curve.  It  will  be  seen  that  the  curves  drag  more  at 
shallow  depths,  the  curve  for  depths  under  5  feet  being  more  concave 
than  the  others,  the  curve  representing  the  measurements  when  the 
water  was  from  5  to  10  feet  in  depth  being  next  most  concave,  while 
the  curve  representing  the  deepest  measurement  is  flattest.  This 
seems  reasonable,  and  would  probably  hold  true  in  all  rivers. 

It  is  frequently  desirable  to  measure  the  flow  of  the  river  when 
frozen  over.  This  can  best  be  done  by  taking  a  large  number  of 
point  measurements,  as  represented  in  fig.  4,  but  this  is  a  slow  process, 
so  that  it  is  important  to  know  at  what  point  the  measurement  of 
velocity  can  be  made  which  will  represent  the  mean  velocity  in  the 
vertical  section. 

It  will  be  seen  from  the  four  curves  in  fig.  5  that  measurements  made 
at  0.13  and  0.73  of  the.total  depth  measured  from  the  bottom  of  the  ice 
will  represent  in  general  the  mean  velocity  in  a  vertical  on  a  stream 
with  the  same  general  character  as  the  Wallkill.  The  variation,  how- 
ever, between  the  curves  representing  different  depths  is  greater  at 
these  two  points  than  at  points  six  hundredths  and  two-thirds  of  the 
depth.  At  these  two  points  the  curves  almost  coincide.  The  varia- 
tion between  the  various  curves  was  less — in  fact  within  limits  only 
one-half  as  great — at  two- thirds  depth  as  at  six-hundred ths  depth. 
This  shows  that  in  these  curves  the  limit  of  error  is  least  when 
measurements  are  made  at  two-thirds  depth  and  a  coefficient  is  applied 
to  determine  the  mean  velocity.  The  mean  curve  shows  a  velocity  of 
105  per  cent  of  the  mean  at  two-thirds  depth,  so  that  it  would  appear 
that  the  most  accurate  method  of  determining  the  velocity  under 
ice  by  observation  at  one  point  in  the  vertical  would  be  to  hold  the 
meter  at  two-thirds  depth  and  apply  a  coefficient  of  0.95  to  the 
observed  velocity  at  that  point.  This  would  give  a  better  result  than 
measuring  directlj'  the  velocity  at  0.13  or  0.73  of  the  depth.  In 
Table  XXVII  is  shown  the  means  of  all  the  curves  in  the  Esopus, 
Rondout,  and  Wallkill.  These  have  been  plotted  in  fig.  6.  The 
variation  of  these  three  curves  is  not  large,  showing  that  the  curve  as 
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plotted  represente  fairly  well  the  typical  velocity  curve  of  rivers  of 
thiH  character  under  ice  cover.  In  Table  XXVIII  the  results  shown 
in  all  the  preceding  tables,  for  ice  cover,  including  Wallkill,  Esopus. 
Rondout,  and  Oatskill,  have  been  combined  according  to  depth  of 


Depths  in 

decixDAl 

parts  of 

total. 


60  70  80  90  100  110 

Velocity  in  terms  of  mean  velocity  =  100. 

PiQ.  5.— Mean  vertical  velocity  curves  on  Wallkill  River,  with  ice  cover,  showinfr  tho  <*ff«°t 
Upon  the  curve  of  variation  in  depth  of  water. 

Note.— The  Holid  line  is  the  mean  of  26  vertical  velocity  curves  at  all  depths;  the  dot-daah  tio* 
the  mean  of  two  vertical  velocity  curves  at  depths  less  than  5  feet;  the  dotted  line  the  mmn  rf 
18  vertical  velocity  curves  at  depths  l>etween  5  and  10  feet,  and  the  dash-two-dot  lines  the  mms 
of  11  vertical  velocity  cnirves  at  depths  sri'eater  than  10  feet. 

water  under  the  ice,  and  have  been  plotted  in  fig.  7,  together  with  the 
mean  of  all  47  curves.  The  form  of  these  curves  does  not  differ 
materially  from  those  for  the  Wallkill,  plotted  in  fig.  5.  The  point 
at  which  these  curves  fall  closest  together  is,  however,  somewhat 
higher,  at  0.0  depth.     To  a  single  measurement  made  at  0.6  depth  a 
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coefficient  of  0.92  should  be  applied  to  obtain  the  mean  velocity  in  the 
vertical  section,  while  the  coefficient  0.95  should  be  applied  to  a  single 
measurement  made  at  two-thirds  depth,  as  in  the  case  of  the  Wall- 
kill,  shown  in  fig.  5. 


Depths  in 

decimal 

]iart8  of 

total. 


LOO 


Wal///n// 

'Esopus 
•  Roncfout 
Mean  ci/ryv  vvith  fee  covdr broJ^enJ^ 


1 


flO  70  80  flO  100  110 

Velocity  in  tenns  of  mean  velocity  -^  IfX) 


130 


PlO.  6.~Mean  vertical  velocity  curveB  on  Esopus  and  Rondout  creeks  and  Wallkill  River, 
under  ice  cover,  showing  the  t'omparatively  slight  variation  in  vertical  velocity  curves  of  rivers 
of  this  character. 

NOTB.— The  solid  line  shows  the  mean  vertical  velocity  curve  on  the  Wallkill  and  Rondout 
with  the  ice  broken  and  tilted,  and  shows  the  de(.*ided  drag  caused  by  the  increased  friction  at 
the  surface. 


There  are  many  engineers  who  prefer  to  measure  the  velocity  at 
mid-depth,  and  apply  a  coefficient  to  obtain  the  mean  velocity  in  the 
vertical  section.  The  observations  recorded  in  Table  XXVII  show 
that  the  proper  coefficient  to  apply  is  0.88.  Observations  upon  the 
flow  of  water  under  ice  cover  on  the  Upper  Mississippi  were  made  by 
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A.  O.  Powell,  HSHistaiit  engineer,  under  the  direction  of  Col.  Chan.  J. 
Allen,  Corps  of  Kngineers,  IT.  S.  Army,  in  1882  and  1890,  andthepnb- 


DepthH  in 

decimal 

parts  of 

total. 


70  80  90  100 

Velocity  in  terms  of  mean  =  100. 

Fia.  7. — Comparison  of  curves  for  varions  depths  of  water  nnder  ice  cover  with  the  mean  of 
all  curves  taken  under  ice. 

NoTK.— The  solid  line  is  the  mean  cnrve  and  represents  47  vertical  velocity  curves.  The  dasfa- 
dot  line  is  the  mean  of  7  curves  with  depths  of  water  under  ice  of  lees  than  5  feet.  The  dotted  line 
is  the  mean  of  29  vertical  velocity  curvtw  with  depths  of  water  under  ice  ranging  from  5 1«  1ft 
feet,  and  the  dash-two-dot  line  is  the  mean  of  11  vertical  velocity  corves  for  a  depth  of  water 
under  ice  ranging  from  10  to  30  feet. 

lished   results'*  show  that  this  coefficient  varied    from  0.87380  to 
0.88057.* 


a  Ann.  Rept.  Chief  of  Engineers,  U.  S.  Army,  Part  m,  1800. 

<>  Owing  to  the  inaccuracies  in  observations  of  this  kind,  it  does  not  seem  to  the  anther  justi- 
fiable to  carry  the  coefficient  beyond  the  second  place  of  decimalB.  The  results  obtained  in 
the  streams  in  New  York  agree  with  those  in  the  Mississippi  to  the  aeoond  place  of  derimaW 
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Table  XXVI. — Mean  vertical  velocity  curve  on  Wallhill  River  arid  curves  sepa- 
rated according  to  depths  of  water, 

[Velocities  given  in  percentAges  of  mean  velocity.] 


Nnm 

ber  of 

velocity  curves 

26. 

2. 

la 

11. 

Depth  below  bottom  of  ice. 

Mean. 

84.0 

108.0 

112.0 

114.8 

114.0 

110.8 

105.8 

08.4 

K7.5 

80.7 

Depth  of  water  tin 

LesBthan   Between  5 
5  feet,      and  10  feet. 

der  ice. 

Between  10 
and  20  feet. 

0.05 

81.5 

107.5 

117.0 

110.0 

117.0 

113.5 

107.5 

06.0 

81.0 

60.0 

lOC.O 

83.2 

108.7 

114.0 

116.8 

115.7 

111.8 

106.5 

06.6 

84.5 

68.2 

1(1).  0 

85.6 

.15. 

.25. 

35 

101.5 
106.6 
111.5 

.45. 

111.4 

.55 

100.8 

.65 

106.0 

.75 

100.0 

.85. 
.06. 

Mean 

02.1 
73.8 

100.0 

100.0 

Table  XXVII. — Mean  vertical  r>elocity  curves  for  Esopus,  Rondout,  and  Wallkill^ 

based  upon  a  mean  of  100. 


8tPPip.Tn 

Esopus. 

8. 
Mean. 

Rondout. 

WallklU. 

ber  of  ve 

locity  curves 

Num 

8. 
Mean. 

85.0 

108.1 

112.1 

115.5 

115.2 

1U.7 

106.4 

06.8 

86.4 

68.0 

100.0 

1 

26. 

Depth  bolow  bottom  of  ice. 

Mean. 

0.05- 

88.2 

104.7 

112.0 

115.0 

114.6 

111.8 

106.8 

07.4 

84.6 

63.1 

100.0 

84.0 

.15 

108.0 

.25 

112.0 

.35 

114  8 

.45. 

114  0 

.55- 

110  8 

.65. 

106.8 

.75 

08.4 

85. 

87.5 

.95. 

00.7 

Mean . . . 

100. 0 
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Table  XXVIII. — Mean  velocity  curves  upon  WaUkill,  Esopus,  Rotidout,and  Cat*- 

kill  for  various  depths, 

[VelcMritiPH  fciven  in  percentagos  of  mean  velocity.] 


Numlier  ot  velocity  curvee. 

nr 
1. 

29. 

11. 

47. 

Depth  below  bottom  of  k-o. 

Depth  of  water  under  ice. 

Lem  than       5  to  10     i     10  to  £0 
5  feet.            feet.       1      feet. 

Mean  of  all 
corvee. 

O.cfi. 

88.0 
100.6 
116.7 
118.4 
116.1 
111.0 

ioa7 

80.3 
63.0 

100.0 

85.3 

103.8 

113.2 

116.2 

115.3 

111.8 

105.8 

96.9 

84.8 

06.9 

100.0 

85.5 
101.5 
108.6 
111.5 

m.4 

109.3 

105.9 

100.9 

92.1 

ra.3 

85.  {« 

.!.->.                                                                             

104.1 

.a 

112,6 

.45. 

.65 
.  j»  - 

,95 

-        -- 

lis.  5 
U4.5 

Ul.l 

IffikO 

97.3 
85.  ?( 
87.  S 

M  <^ii                                         

100.0 

ino.0 

FliOW   OF   K1VE118   UXDEB   ICE,  BROKEN   AND  TIIiTED 

COVER. 

A  few  vertical  velocity  curves  were  taken  on  the  Wallkill  and  Hon- 
dout  when  the  ice  on  the  river  was  broken  arid  more  or  less  tilted. 
No  general  law  can  be  determined  for  such  conditions,  as  the  imped- 
ing power  of  the  ice  varies  between  wide  limits.  It  is  interesting, 
however,  to  note  in  a  general  way  the  effect  of  the  ice.  The  drag  at 
the  surface  is  gn»atly  incretused  and  the  curve  is  changed  considerabi}^ 
in  form.  In  Tables  XXIX  to  XXXII  will  be  found  the  results  of  the 
measurements,  while  in  Table  XXXIII  is  the  summary  of  the^e 
results.  The  mean  curve,  as  shown  in  Table  XXXIII,  is  plotted  in 
fig.  8,  together  with  the  mean  curves  when  the  ice  covering  was 
8m<H)th.  It  will  be  seen  from  this  diagram  that  the  point  of  maximam 
velocity  is  0.55  of  the  depth,  much  lower  than  with  smooth  ice;  that 
th(»  surface  velocity  is  much  less,  and  that  the  bottom  velocity  is 
greater.  This  curve  would  without  doubt  vary  greatly  at  different 
times,  depending  upon  the  condition  of  the  ice,  so  that  measurement 
at  any  point  for  the  determination  of  the  mean  velocity  would  not 
be  advisable.  Point  measurements  at  frequent  intervals  would  be 
necessary  in  order  to  obtain  reliable  results.  It  is  not  considered 
that  the  results  show  any  decided  law  of  relation  between  velocities 
at  various  depths,  but  the  general  form  of  the  curve  is  characteristic 
in  conditions  similar  to  those  under  which  these  were  taken. 
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T-\BLE  XXIX. — VelodtieH  in  vertical  section  on  Wallkill  River  under  ice  broken 

and  tilted 


Date 

Detr.  19. 

Dec 

.  19.               Dec 

.  19. 

Dec.  19. 

>Jan 

.  23. 

Point  of  measure- 

1 

ment  

115. 
13.70. 

95.            1            86. 
18.70.                   18.70. 

75. 
18.70. 

80. 

Gage  height 

17.33. 

Total  depth 

18.0. 

16.  Oi.                   15. 6i. 

14.5. 

14.4. 

Thickness  of  ice. . . 

4.0. 

o.Oi.        1        0.04. 

1.0. 

1.4. 

Depth  of  vater... 

14.0. 
D«pth.,  V^^- 

16.0.          1           15.6. 

1 

18.5. 

18.0. 

Depth. 
Feet. 

Vf--  Depth. 

Veloc- 
ity. 

■iv»«*i,    Veloc- 
Depth.     j^.y 

Ft.per 
Feet.       sec. 

Depth. 
Feet. 

Veloc- 
ity. 

Ft.  per 
Feet.        sec. 

Ft.per^ 
aec.     1  Feet. 

Ft.  per 
sec. 

Ft.per 
sec. 

0.5        0.80 

1.5 

2.78          1.1        2.52 

1.0        1.52 

1.0 

1.78 

1.5        1.27 

8.5 

3.80  1       8.1 

8.08 

8.0        2.50 

2.5 

1.96 

8.5        2.83 

5.5 

8.48         5.1 

8.48 

5.0        2.94 

4.5 

2.86 

5.5        2.71 

7.5 

8.84          7.1 

8.91 

7.0        8.08 

6.5 

8.56 

7.5        2.99 

9.5 

4.12         9.1 

8.95 

9.0        8.13 

8.5          2.64 

9.5  ,      2.94 

11.5 

3.98        11.1 

8.86 

11.0        2.88 

10.5  '       2.84 

11.5        2.64 

18.5 

8.60        18.1 

3.50 

18.0        2.45 

12.5 

1.67 

13.5        1.94 

15.5 

2.61  '      15.1 

1 

2.64 

> 

Tabl£  XXX. — Vdocities  at  regular  intervaU  in  vertical  section  on  Wallkill  River 
under  ice  broken  and  tilted^  deduced  from  Table  XXIX, 


Dec.  19. 


Dec.  19. 


Dec.  19. 


Dec.  19. 


Jan.  28. 


Depth  in  parts 
of  total. 

Veloc- 

ity  in 

feet 

second. 

1.10 
1.94 
2.41 
2.70 
2.90 
8.00 
2.94 
2.80 
2.55 
2.05 

2.44 

Per 
cent  of 
mean. 

' 

46 

80 
99 
111 
119 
128 
180 
116 
104 
84 

100 
— 0 

Veloc- 
ity in 

feet 

per 
second. 

Per 
cent  of 
mean. 

68 

86 

97 

105 

112 

118 

117 

112 

108 

82 

Veloc- 
ity in 
feet 
per 
second. 

2.40 
2.95 
3.88 
3.62 
3.86 
3.95 
3.90 
8.76 
3.42 
2.80 

Per 
cent  of 
mean. 

Veloc- 
ity in 

feet 

per 
second. 

Per 
cent  of 
mean. 

54 

74 

99 

109 

116 

118 

117 

113 

106 

«5 

100 

Veloc- 
ity in 
feet 
per 
second. 

Per 

cent  of 
mean. 

0.06 

.15 

.25.,._ 

.35 

2.85 

8.00 
8.35 
3.65 
3.90 
4.10 
4.07 
8.88 
8.60 
2.85 

71 

87 

98 

106 

118 

116 

116 

111 

101 

82 

100 

1.40 
1.94 
2.60 
2.87 
8.04 
3.11 
3.08 
2.96 
2.78 
2.50 

1.68 
1.88 
2.07 
2.26 
2.45 
2.62 
2.62 
2.44 
2.15 
1.80 

2.20 

77 

86 

94 

108 

.46 

.55 

.65 

111 
119 
119 

.75 

111 

.86 

96 

.96 

82 

Mean 

'      8.48 

100 

8.40 

2.63 

100 
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Tabijc  XXXI. — Velocities  in  vertical  sections  on  Rondout  Creek  at  Roaendak 

under  ice  broken  and  tilted. 


Date 

Point  of  measurement. , 

Oage  height 

Total  depth 

Thickness  of  ice 

Depth  of  water   


Dec.  6. 

Jan.  14. 

Jan.  14. 

JaiLli. 

60. 

40. 

50. 

ao. 

6.80. 

7.00. 

7.00. 

7.00. 

5.6. 

4.8. 

6.4. 

6.4. 

0.2. 

0.8. 

0.4. 

0.4. 

5.4. 

4.0. 

6.0. 

6.a 

Depth. 

Veloc- 
ity in 
feet  per 
second. 

Depth. 
0.5 

Veloc- 
ity in 
feet  per 
second. 

Depth. 
0.5 

Veloc- 
ity in 
feet  per 
second. 

Depth. 

Yflnr- 

ityin 

feet  per 

BeooDcL 

0.3 

0.21 

0.85 

0.78 

0.5      ass 

1.3  1           .54 

1.5  I           .75 

1.6 

.82 

1.6 

.81 

2.8  ;           .55 

2.5  1           .W 

2.6 

.90 

2.5 

1.17 

3.8 

.57 

8.5  ;           .85 

3.5 

.90 

a5        1.1& 

4.9 

m 

4.5 
5.5 

.87 
.72 

4.5 
5.5 

1.10 

.S 

1 

1 

Table  XXXII. — Velocities  at  regular  intervals  in  vertical  secti^m  on  Bondout 
Creek  under  ice  broken  and  tilted,  deduced  from  Table  XXXI, 


Veloc- 
ity in 
feet  per 
second. 


Per  cent 
of  mean. 


Veloc- 
ity in 
feet  per 
second. 


Per  cent 
of  mean. 


0.25 

58 

0.24 

34 

.46 

90 

.40 

57 

.54 

115 

.65 

79 

.57 

122 

.70 

100 

.57 

122 

.85 

121 

.56 

120 

.95 

186 

.55 

117 

.97 

139 

.50 

107 

.95 

185 

.43 

92 

.88 

126 

.25 

5:J 

.51 

78 

.468 

100 

.70 

100 

Veloc- 
ity in 
feet  per 
second. 

Percent 
of  mean. 

0.67 

81 

.76 

92 

.82 

100 

.88 

107 

.90 

110 

.91 

111 

.90 

109 

.88 

lor 

.82 

100 

.09 

83 

.823 

100 

Veloc- 
ity in 
feeti>er 
second. 

Percent 
of  mean. 

0.48 

51 

.68 

72 

.87 

93 

1.06 

112 

1.19 

127 

1.19 

1^ 

1.14 

121 

1.06 

118 

.96 

IQS 

78 

83 

.941 


100 
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Table  XXXIII. — Summary  of  curves  on  Wallkill  and  Rondout,  under  ice  broken 

and  tilted. 


Stream 

Wallkill. 

Rondont. 

NilTli^f  of  v«»lo<'it;y  oiirvw* 

5. 

13  to  16  ft. 

River  bed: 

Silt. 

4. 

9. 

Depth  of  wat<*r  below  liottom  of  ice. 

4  to  6  ft. 

River  bed: 

Bowlders 

andgrravel. 

Mean. 

0.05 

6:3.0 

82.6 

97.4 

106.8 

114.0 

118.8 

117.6 

112.4 

102.4 

85.0 

54.8 

80.0 

96.8 

110.2 

120.0 

123.2 

121.5 

115.6 

105.0 

73.0 

69.3 

.15 

81.4 

.25 

.35 - t 

97.1 
108.3 

.45 

116.7 

.56 

120.8 

.(56 --- - :.-- 

119.3 

.75 - 

113.8 

.85 - 

108.6 

.ftj 

79.7 

Mean >.- 

100.0 

100.0 

100.0 

QlTAIilTY  OF  RIVER  WATER. 

A  study  of  the  turbidity,  color,  alkalinit}^  and  hardness  of  these 
streams  has  been  made  in  conjunction  with  the  discharge  measure- 
ments. It  is  thought  that  the  information  derived  from  such  deter- 
minations will  be  of  value  to  engineers  investigating  the  future  supply 
of  New  York  City. 

TURBIDITY  AND  COLOR. 

Water  in  its  ideal  condition  is  perfectly  clear  and  limpid,  and  has 
a  slightly  blue  color.  Filtered  water,  distilled  water,  and  many 
spring  waters  approach  closely  to  the  ideal  water.  Most  river  waters 
are,  however,  either  colored  by  contact  with  peat,  muck,  or  decaying 
vegetation,  or  are  turbid  by  rc^ason  of  mud  or  silt  carried  in  suspen- 
sion. Muddy  waters  are  often  spoken  of  as  colored  waters,  and  in  a 
sense  this  is  correct  where  the  mud  consists  of  clays  or  other  mate- 
rials having  distinct  colors,  but  for  convenience  of  classification  it  is 
better  to  refer  to  such  waters  as  turbid  waters,  and  to  limit  the  term 
' '  colored  waters "  to  those  containing  in  solution  vegetable  matters 
which  color  them. 

It  has  been  observed  tliat  highly  colored  waters  are  usually  free 
from  turbidity,  and  vice  versa,  this  being  due  to  the  fact  that  colored 
waters  usually  flow  from  drainage  areas  underlain  by  hard  rocks  not 
easily  disintegrated,  or  from  regions  where  the  soils  are  firm  or  sandy, 
a>rid  especially  from  swamps.  On  such  areas  there  is  but  little  mate- 
rial that  would  be  washed  from  the  river  banks  and  held  in  suspen- 
sion, while  the  coloring  material  is  present  in  the  greatest  abundance. 
In  many  parts  of  the  United  States  shales  or  other  soft  materials 
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form  the  underlying  beds.  These  readily  disintegrate  and  fonn  clay 
soils  that  are  readily  washed  by  hard  rains.  Waters  from  such  areas 
are  usually  turbid  and  very  highly  colored. 

Turbidity  and  color  are  principally  important  in  their  effect  uixm 
the  api>earance  of  water,  whereas  the  other  impurities  discussed  in 
this  paper  have  al>solutely  no  effect  upon  tlie  appearance,  and  can  be 
found  onlv  bv  their  chemical  action. 

TURBIDITY. 

Tlie  turbidity  of  water  is  a  subject  of  great  importance  to  the  sani- 
tary engineer.  In  questions  of  water  supply,  turbidity  is  often  the 
important  feature  in  the  selection  of  a  source  of  town  supply;  the 
number  of  days  upon  which  the  turbidity  is  above  a  certain  fixed 
standard  is  also  important,  in  that  it  may  determine  the  size  of  reser- 
voir required  to  store  clear  water  sufficient  to  tide  over  the  time  of 
greatest  turbidity,  or  for  the  sedimentation  of  suspended  matters  in 
the  reservoir  water.  The  importance  of  this  subject  varies  with  the 
part  of  the  country  studied,  the  waters  in  the  New  England  States 
and  New  York  being  comparatively  clear,  while  in  the  Southern 
Atlantic  States  and  in  the  Ohio  and  Mississippi  valleys  high  turbidi- 
ties are  the  rule. 

In  the  Northeast  the  terms  "very  slight,  "slight,''  "distinct,"  and 
"decided"  have  been  used  by  analysts  t^  express  the  amount  of  sus- 
pended matter  present.  These  degrees  of  turbidity  have  been  esti- 
mated by  the  appearance  of  the  sample  to  the  eye  when  viewed  toward 
the  light.  As  the  importance  of  these  analyses  has  been  more  appre- 
ciated, particularly  in  connection  with  the  purification  of  waters  and 
the  extended  studies  upon  waters  of  high  turbidity,  it  has  been  found 
that  a  more  definite  scale  was  necessary  in  order  that  proper  compari- 
sons of  waters  from  various  sources  might  be  made. 

In  the  filtration  of  water  the  engineer  desires  to  know  the  amount 
of  coagulant  necessary  to  properly  clarify  the  water,  and  it  has  been 
found  that  the  turbidity  gives  a  reliable  index  of  the  quantity  of 
coagulant  required.  The  object  of  the  more  recent  studies  has  been, 
therefore,  to  express  it  numerically  on  some  scale,  referred  to  some 
standard,  which  can  be  easily  reproduced  and  will  be  permanent. 

There  has  been  considerable  difference  of  opinion  as  to  the  proper 
standard  for  turbidity  comparisons,  and  some  confusion  has  resulted. 
It  is  important  that  any  standard  selected  should  be  applicable  to 
both  field  and  laboratory  practice,  and  that  observations  made  by 
different  methods  should  be  readily  comparable. 

The  United  States  (reological  Survey  has  had  occasion,  from  time 
to  time,  to  make  observations  of  turbidity  of  rivers  of  which  discharge 
measurements  were  made.  Realizing  the  importance^  of  a  uniform 
standard  for  turbidity,  the  Survey  has  cooperated  with  Mr.  Allen 
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Hazen  and  Mr.  Greorge  C.  Whipple  in  order  that  such  a  standard 
might  be  adopted.  Mr.  Hazen  and  Mr.  Whipple  have  made  joint 
investigations  and  studies,  and  have  recommended  the  standard  given 
below.  This  will  be  used  in  the  future  by  the  Survey,  and  it  is  hoped 
may  be  adopted  generally  throughout  the  United  States. 

PROPOSED  TURBIDITY  STANDARD. « 

The  standard  of  turbidity  shall  be  a  water  which  contains  100  parts 
of  silica  per  million  in  such  a  state  of  fineness  that  a  bright  platinum 
wire  1  millimeter  in  diameter  can  just  be  seen  when  the  center  of  the 
wire  is  100  millimeters  below  the  surface  of  the  water  and  the  eye  of 
the  observer  is  1.2  meters  above  the  wire,  the  observation  being  made 
in  the  middle  of  the  day,  in  the  open  air,  but  not  in  sunlight,  and  in 
a  vessel  so  large  that  the  sides  do  not  shut  out  the  light  so  as  to  influ- 
ence the  results.     The  turbidity  of  such  water  shall  be  100. 

The  turbidity  of  waters  more  turbid  than  the  standard  shall  be  com- 
puted as  follows:  The  ratio  of  the  turbidity  of  the  water  to  100  shall 
be  as  the  extended  volume  is  to  the  original  volume,  when  the  water 
is  diluted  with  a  clear  water  until  the  mixture  is  of  standard  turbidity. 

The  turbidities  of  waters  lower  than  the  standard  should  be  com- 
puted as  follows:  The  ratio  of  the  turbidity  of  the  water  to  100  shall 
be  as  the  ratio  of  the  original  volume  of  water  of  standard  turbidity  is 
to  the  extended  volume  when  such  water  is  diluted  with  a  clear  water 
until  its  turbidity  is  equal  to  that  of  the  water  under  examination. 

This  standard  can  be  used  in  both  field  and  laboratory.  In  the  field 
the  wire  method  will  be  carried  out  as  at  present,  except  for  a  new 
graduation,  while  in  the  lal>oratory  the  methods  of  dilution  and  com- 
parison now  in  use  for  the  silicia  standard  will  be  used. 

METHOD  OP  APPLICATION   TO  THE  PUATINUM-WIRE  PROCESS. 

A  rod  with  a  platinum  wire  inserted  in.it  at  a  fixed  point  and 
projecting  from  it  at  a  right  angle  will  be  used  as  at  present.  The 
graduation  shall  be  as  follows:  The  graduation  mark  of  100  shall  be 
placed  on  the  head  at  a  distance  of  100  millimeters  from  the  centei'  of 
the  wire.  Other  graduations  will  be  made,  based  on  the  best  obtain- 
able data,  in  such  a  way  that  when  a  water  is  diluted  the  readings 
will  decrease  in  the  same  proportion  as  the  percentage  of  the  original 
water  in  the  mixture.  Such  a  rod,  having  the  graduation  shown  in 
the  table  below,  shall  be  known  as  the  United  States  Geological  Sur- 
vey turbidity  rod  of  1902.  When  this  rod  is  immersed  in  water  the 
visibility  of  the  projecting  platinum  wire  at  the  depth  from  the  sur- 
face shown  in  the  second  column  will  determine  the  degree  of  tur- 
bidity, as  indicated  in  the  first  column. 


a  From  a  letter  signed  by  Meesrs.  Allen  Hazen  and  George  C.  Whipple. 
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Graduation  of  rod. 


Turbidity. 

"1 

Depth  of 
wire. 

Mm. 

CorreBpond- 
ing  value  on 
reciprocal    ' 
scale. 

1 

Turbidity. 

1 

Depth  of 
wire. 

Correspood- 

iag  Tame  on 

reciprocal 

scale. 

„ 
1 

Mm. 

1 

1 

1095 

0.028 

70 

138.0 

0.184 

8 

971 

.026 

76 

130.0 

.196 

9 

873 

.029      ! 

80 

122.0 

.208 

10 

794 

.032 

85 

116.0 

.219 

11 

729 

.035 

90 

110.0 

.230 

12 

674 

.038 

95 

105.0 

.242 

18 

627 

.041 

100 

100.0 

.254 

14 

587 

.043 

110 

93.0 

.273 

15 

551 

.046 

120 

86.0 

.295 

1 

16 

520 

.049 

130 

81.0 

.314 

17 

493 

.052 

'          140 

76.0 

.834 

18 

468 

.054 

150 

72.0 

.85 

19 

446 

.057       ' 

160 

68.7 

.87 

20 

426 

.060      1 

1          180 

62.4 

.41 

22 

391 

.065 

200 

57. 4 

.44 

24 

361 

.070 

250 

49.1 

.52 

26 

336 

.076 

300 

43.2 

.59 

28 

814 

.081 

350 

38.8 

.65 

30 

296 

.086 

400 

a5.4 

.72 

35 

257 

.099 

.    500 

30.9 

.82 

40 

228 

.111 

600 

27.7 

.92 

45 

205 

.124 

800 

23.4 

1.09 

50 

187 

.136 

1000 

20.9 

1.21 

55 

171 

.148 

1500 

17.1 

1.49 

60 

158 

.160 

2000 

14.8 

1.72 

65 

147 

.172 

3000 

12.1 

2.10 

1 

This  table  is  compiled  from  observations  made  at  Cincinnati,  St 
Louis,  New  Orleans,  Pittsburg,  Brooklyn,  Philadelphia,  and  Boston, 
for  records  of  which  we  are  indebted  to  several  observers.  The  values 
of  the  turbidities  by  the  reciprocal  scale  are  included  in  the  table  as 
a  matter  of  convenience,  but  they  do  not  form  a  part  of  the  standani. 

This  graduation  is  subject  to  revision  whenever  additional  data 
shall  make  it  necessary,  and  revised  rods  shall  be  designated  by  the 
same  name,  but  with  the  year  of  revision  substituted  for  1902.  The 
revisions  shall  have  as  their  basis  the  one  hundred  mark,  ICK)  milh- 
meters  from  the  wire. 

Near  the  end  of  the  rod,  at  a  distance  of  1.2  meters  from  the  plati- 
num wire,  a  wire  ring  shall  be  placed  directly  above  the  wire,  through 
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which  the  observer  will  look,  the  object  of  the  ring  being  to  control 
the  distance  from  the  wire  to  the  eye. 

When  the  turbidity  is  greater  than  600  the  water  should  be  diluted 
before  the  observation  is  made.  When  the  turbidity  is  below  7  this 
method  can  not  be  used,  and  comparison  should  be  made  with  the 
silica  standard  properly  diluted  in  bottles  or  tubes. " 

The  number  obtained  by  dividing  the  weight  of  suspended  matter 
in  partfi  per  million  by  the  turbidity  as  obtained  above  shall  be  called 
the  coefficient  of  fineness.  If  greater  than  unity,  it  indicates  that  the 
matter  in  suspension  in  the  water  is  coarser  than  the  standai*d;  if  less 
than  unity,  that  it  is  finer  than  the  standard. 

This  standard  is  proposed  with  the  idea  of  combining  the  best 
features  of  the  platinum-wire  and  silica  methods  of  measuring  tur- 
bidities as  commonly  used,  and  of  avoiding,  as  far  as  possible,  the 
objections  to  each. 

The  wire  method  is  most  convenient  as  a  field  method.  With  the 
reciprocal  scale,  which  until  now  has  been  used,  it  is  open  to  the  seri- 
ous objection  that  the  readings  are  not  proportional  to  the  amount  of 
turbidity-producing  matter  in  the  water. 

The  silica  standard  is  free  from  this  objection  and  is  more  con- 
venient as  a  laboratory  method,  but  is  not  well  adapted  to  field  use,  and 
is  open  to  the  objection  that  it  is  possible  that  the  value  may  be 
changed  by  variations  in  the  fineness  of  the  silica  particles  composing 
the  standard. 

The  standard  now  proposed  is  intended  to  overcome  the  above- 
mentioned  defect  in  the  platinum-wire  method  with  the  reciprocal 
scale,  and  at  the  same  time  to  put  a  control  on  the  value  of  the  silica 
standard.  Applying  it  in  one  way  or  the  other,  it  is  adapted  to  both 
field  and  laboratory  use,  and  the  results  obtained  should  check 
substantiaUy. 

METHOD  OF  MAKINO  OBSERVATIONS. 

The  method  of  making  the  observations  by  means  of  the  platinum 
wire  is  as  follows:  Take  a  stick  of  wood  about  5  feet  long  and  five- 
eighths  of  an  inch  square,  more  or  less,  and  insert  a  platinum  wire  at 
a  x)oint  about  X  inch  from  the  end,  so  that  the  wire  will  be  at  right 
angles  to  the  stick  and  project  at  least  1  inch.  The  wire  should  be 
0.04  inch  or  1  millimeter  in  diameter;  the  stick  is  then  graduated,  the 
lines  for  the  various  turbidities  being  at  distances  from  the  wire 
shown  in  the  table  on  page  2. 

Observations  of  turbidity  are  taken  by  putting  this  stick  into  the 
water  under  examination  as  far  as  the  wire  can  be  seen ;  the  turbidity 
is  then  read  fiom  the  scale.  This  is  most  conveniently  accomplished 
by  having  a  second  or  smaller  stick  placed  in  front  of  the  first,  the 
end  of  which  is  brought  to  the  water  line  when  the  wire  can  just  be 

oDeflcribed  by  Whipple  and  Jackson  in  Technolc^ry  Qnarterly,  Vol.  XII,  No.  4,  December,  1890. 
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seen.     Upon  removing  the  two  together  the  poBition  of  the  smaller 
stick  on  the  scale  gives  the  turbidity. 

Observations  are  to  be  taken  in  all  cases  in  open  air,  as  t-oo  high 
results  are  obtained  under  a  roof,  even  with  very  good  light;  and 
they  should  preferably  be  taken  in  the  middle  of  the  day  and  not  in 
direct  sunlight.  In  case  the  sun  is  shining  the  observer  can  stand  si) 
that  his  shadow  covers  the  water  immediately  about  the  stick  and 
wire.  The  observations  are  taken  with  the  eye  of  the  observer  at  the 
ring  before  mentioned,  1.2  meters  from  the  wire,  although  some  varia- 
tion in  this  does  not  materially  influence  the  result.  The  wire  should 
be  kept  bright  and  clean.  In  case  it  is  lost,  a  clean  bright  pin  can  be 
used  until  another  wire  can  be  obtained.  When  the  surface  of  the 
water  in  the  stream  is  agitated  by  currents,  waves,  etc.,  or  in  ease  the 
depth  is  not  suflReient  to  give  the  required  immersion,  or  if  for  any 
reason  observations  can  not  be  well  taken  from  the  bank,  a  pail  or 
tub  may  be  filled  with  water  and  the  turbidity  observations  taken  in 
it.  In  many  cases  this  procedure  is  preferable  to  measurement  in  a 
stream,  but  the  observation  must  be  taken  immediately  upon  filling 
the  vessel.  The  diameter  of  the  vessel  should  be  equal  to  at  least 
twice  the  depth  at  which  the  wire  is  immersed,  as  otherwise  the  resulu^ 
of  the  reading  will  be  affected. 

When  the  turbidity  of  the  water  is  above  500,  that  is,  in  case  the 
wire  can  be  seen  through  less  than  1  inch  of  water,  the  results  obtained 
by  direct  measurement  are  not  accurate.  Such  water  should  be  dilutee! 
by  1,  2,  or  4  volumes  of  clear  water  in  the  pail  or  tub,  and  thoroughly 
mixed. 

The  turbidity  is  taken  as  above  described,  and  multiplied  by  the 
ratio  that  the  total  volume  of  water  bears  to  the  water  in  the  mixture. 
Clear  water  can  be  obtained  from  a  well  or  any  other  source  obviously 
clear,  or  nearly  so. 

The  statement  of  turbidity  in  such  cases  should  contain  memoranda 
that  the  observations  were  taken  in  this  way,  and  should  give  the 
amount  of  dilution. 

If  waters  have  a  turbidity  less  than  7  direct  reading  can  not  be  used, 
and  indirect  methods  must  be  resorted  to. 

The  "wire  method  "  has  been  described  first  in  this  paper,  as  it  is 
best  suited  to  field  work.  Besides  this  method,  there  are  two  others 
that  have  commended  themselves  to  practical  use.  First,  the  use  of 
standards  of  comparison;  second,  the  diaphanomet«r.** 

In  the  determinations  of  turbidity  of  waters  in  rivers  considei'ed  in 
this  paper,  the  turbidities  were  in  general  too  low  for  accurate  measure- 
ments by  the  wire  method,  and  as  the  samples  had  to  be  shipped  to 
the  laboratory  for  other  determinations,  the  turbidity  was  found  by 
comparison  with  standards.     These  standards  were  made  up  from  dia- 

a  These  are  both  laboratory  methods,  and  have  been  described  by  Mr.  Oeorge  C.  Whipple  and 
Daniel  D.  Jackson,  in  the  Technology  Quarterly,  Vol.  XII,  No.  4,  December,  1800. 
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toraaceoiis  «^artli  thorou*rhly  washed  and  ignited  to  remove  the  organic 
matter.  The  eartli  is  then  washed  in  hydrochloric  acid  and  rinsed 
with  water,  after  which  it  is  pulverized.  One-half  grain  is  added  to 
500  c.  c.  of  distilled  water  and  thoroughly  agitated.  This  stock  mix- 
ture contains  1  grain  of  pure  silica  per  liter,  or  1 ,000  parts  per  1,000,000, 
and  when  well  shaken  will  always  give  the  same  turbidity,  which  is 
called  a  standard  1,000.  For  watera  of  low  turbidities,  like  those 
found  in  New  York  State,  standards  are  made  by  diluting  the  stock 
mixture  with  di.stilled  water  in  measured  proportions  and  comparing 
the  collected  samples  with  the  various  standards  in  gallon  bottles, 
while  with  higher  turbidities  smaller  quantities  of  the  standards  are 
placed  in  100  c.  c.  Xessler  tubes,  with  which  the  samples  in  like  tubes 
are  compared.  This  is  a  laboratory  method,  and  is  more  precise  than 
the  wire  method  of  making  determination  of  turbidity,  but  requires 
that  samples  be  collected  and  shipped  to  the  laboratory. 

In  order  that  some  idea  of  the  meaning  of  the  various  standards  may 
be  obtained,  the  following  table  is  inserted: 

Table  nhowing  meaning  of  various  numbers  on  silica  scale. 


Silica  standard. 

Defltriptive  term. 

0 

None. 

1-2 

Very  slight. 

Slight. 

Distinct. 

2-5 

5-20 ... 

Above  20 

Decided. 

COLOR. 

The  platinum-cobalt  method  of  measuring  color,  as  devised  by  Allen 
Hazen,  is  generally  considered  the  standaM. 

A  standard  solution  which  has  a  color  of  500  shall  be  made  by  dis- 
solving 1.246  grams  potassium-platinic  chloride"  (PtCl4,2KCl),  con- 
taining 0.5  gram  platinum,  and  1  gram  of  crystallized  cobalt  chloride 
(CoCl^,6H20),  containing  0.25  gram  of  cobalt  in  water,  with  100 
cubic  centimeters  concentrated  hydrochloric  acid,  and  making  up  to 
1  liter  with  distilled  water.  By  diluting  this  solution  standards  shall 
Ik?  prepared  having  values  of  0,  5,  10,  15,  20,  25,  30,  35,  40,  50,  60,  and 
70.  The  numbers  correspond  to  the  metallic  platinum  in  the  solu- 
tions in  parts  per  million.  These  shall  be  kept  in  100-cubic-centimeter 
Nessler  jars  of  such  diameter  that  the  liquid  shall  have  a  depth 
between  20  and  25  centimeters  and  shall  be  protected  from  dust.     The 


oPotassiam-platiQous  chloride  is  a  salt  that  is  uf  ten  subetituted  by  dealers  in  place  of  the 
potaesium-platinio  chloride.  It  is  sometimes  incorrectly  labeled.  The  platinous  salt  has  a  red- 
dish color  while  the  platinic  salt  has  a  yellow  color . 
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color  of  a  sample  shall  be  observed  by  filling  »  similar  tube  with  water 
and  comparing  it  with  the  standards.  The  observation  shall  be  made 
by  looking  vertically  downward  through  the  tubes  upon  a  white  sur- 
face plac^ed  at  such  an  angle  that  light  is  reflected  upward  throngh 
the  column  of  liquid.  The  reading  shall  be  recorded  to  the  nearest 
unit.  Waters  that  have  a  color  darker  than  70  shall  be  dilute  before 
making  the  comparison,  in  order  that  no  difficulties  may  be  eneoon- 
tered  in  matching  the  hues.  Water  containing  matter  in  suspension 
shall  be  filtered  until  no  visible  turbidity  remains.  If  the  suspende^l 
matter  is  coarse,  filter  paper  may  be  used  for  this  purpose ;  if  the  sus- 
pended matter  is  fine,  the  use  of  the  Berkfeld  filter  is  recommended, 
but  it  must  be  thoroughly  washed  each  time  before  using.  The  use 
of  a  Pasteur  filter  is  to  be  avoided,  as  it  exerts  a  decolorizing  action. 

The  determinations  of  color  upon  the  streams  considered  in  tliL« 
paper,  and  given  on  the  following  pages,  were  made  by  the  above 
laboratory  method.  For  the  sake  of  completeness,  however,  the  field 
method  of  making  determinations  of  color  will  be  described. 

It  is  impracticable  to  carry  the  standard  tubes  above  described  into 
the  field  for  observations,  and  yet  field  observations  are  of  great  con-; 
venience  and  value  to  the  sanitary  engineer,  and  in  general  to  th^ 
investigations  of  the  United  States  Geological  Survey. 

Standard  disks  of  colored  glass  have  been  prepared  by  Mr.  Alle 
Hazen,  in  cooperation  with  the  Survey,  as  standards  for  measurin 
color  of  water  in  the  field  (PI.  X).    These  disks  have  been  rat«d  b; 
Mr.  George  C.  Whipple  to  correspond  with  the  platinum-cobalt  stan 
ard.     The  color  is  measured  by  balancing  the  color  of  the  water  in 
metallic  tube  with  glass  ends  against  the  colors  of  glass  disks 
known  value.     The  number  on  each  disk  represents  the  correspoa 
ing  color  of  a  water.     This  is  not  a  new  standard,  but  a  new  appH 
tion  of  an  old  standard.     The  glass  disks  are  rated  to  correspo] 
with  the  platinum-cobalt  color  standard.     The  process  bears  the 
relation  to  the  usual  laboratory  process  that  an  aneroid  barome 
bears  to  a  mercurial  barometer.     The  metallic  tubes  and  glass  stai 
ards  are  more  portable  and  better  adapted  to  field  use  than  the  Nessl 
tubes  and  color  solutions  previously  used. 

Color  standards, — The  standards  are  disks  of  amber-colored  g! 
mounted   with  aluminum.     Each  disk  carries  two  numbers, 
number  is  over  100,  and  is  a  serial  numl)er  for  the  purpose  of  ide 
fication.     The  other  number  is  less  than  100,  and  shows  the 
value  of  the  disks;  that  is  to  say,  the  color  of  each  disk  is  equa 
the  color  of  a  solution  of  the  designated  number  of  parts  per  rail 
of  platinum  with  the  required  amount  of  cobalt  to  match  the 
when  seen  in  a  depth  of  200  millimeters. 

Each  apparatus  has  a  series  of  glass  disks  of  varying  value 
that  waters  within  a  reasonable  range  can  be  matched  by  t 
When  a  water  comes  l.)etween  two  disks  its  value  can  be  estimaU^ 
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between  them  by  judgment.  Two  or  more  disks  can  be  used,  one 
behind  the  other,  in  which  case  their  combined  value  is  the  sum  of 
the  individual  values.  By  combining  the  disks  of  a  series  in  different 
ways  a  considerable  number  of  values  can  be  produced,  allowing  the 
closer  matching  of  many  waters. 

Filling  the  tubes. — The  tube,  having  an  aluminum  stopper,  is  to  be 
filled  with  water,  the  color  of  which  is  to  be  determined.  Rinse  the 
tube  once  or  twice  by  filling  and  emptying  it.  The  ^cond  tube,  having 
the  clips  to  hold  the  glass  disks,  is  made  much  like  the  one  holding 
the  water  to  facilitate  comparison.  Theoretically  this  tube  should  be 
filled  with  distilled  water.  Practically  it  makes  very  little  difference 
whether  it  is  filled  with  distilled  water  or  empty.  Use  distilled  water 
when  it  is  convenient  to  do  so,  and  when  distilled  water  of  unques- 
tionable quality  is  at  hand;  otherwise  wipe  the  inside  of  the  tube 
dry  to  prevent  fogging  of  the  glass  ends,  and  proceed  with  the  tube 
empty. 

Holding  the  tubes. — Hold  the  tubes  at  such  a  distance  from  the  eye 
that  the  sides  of  the  tubes  just  can  not  be  seen.  This  occurs  when  the 
near  end  of  the  tube  is  8  or  9  inches  from  the  eye.  Hold  the  tubes  at 
such  an  angle  that  both  can  be  seen  at  once  with  one  eye.  Good 
results  can  not  be  obtained  in  any  other  way.  Let  the  tubes  change 
places  once  or  twice,  as  sometimes  the  light  on  the  right  and  left  is 
not  quite  equal. 

Background. — There  should  be  a  clear  white  background  with  a 
strong  illumination.  The  best  results  can  not  be  obtained  with  either 
too  little  or  too  much  light.  In  a  gray  day  look  at  the  sky  near  the 
horizon  and  away  from  the  sun.  In  a  bright  day  look  at  a  piece  of 
white  paper  or  tile,  upon  which  a  strong  light  falls.  The  white  sur- 
face may  be  vertical  and  the  tubes  held  horizontally,  or  the  tubes  may 
be  held  at  an  angle  directed  downward  toward  a  horizontal  surface, 
as  may  be  most  convenient.  Good  results  can  not  be  obtained  by 
artificial  light. 

Turbid  water. — The  colors  of  very  turbid  waters  can  not  be  meas- 
ured in  this  way^  Slight  turbidities  do  not  interfere  seriously  with 
the  results.  Waters  too  turbid  for  direct  observations  should  be  fil- 
tered through  thick  filter  paper  before  being  tested,  and  in  case  the 
turbid  matter  is  fine  and  in  large  amount  even  this  method  may  fail. 
The  turbidity  of  water  should  be  taken  as  far  as  possible  in  connection 
with  color  observations,  except  in  cases  where  it  is  obvious  from 
inspection  that  there  is  practically  no  turbidity. 

Highly  colored  waters. — Some  waters  will  be  found  having  a  higher 
color  than  can  be  matched  by  the  standards.  In  general,  waters  with 
colors  above  100  should  not  be  matched  in  200-millimeter  tubes,  and  the 
results  with  waters  having  colors  below  80  will  be  considerably  more 
accurate  than  with  more  highly  colored  ones.  Two  procedures  are 
possible  with  waters  having  higher  colors — namely,  to  dilute  with  dis- 
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tilltnl  water  before  measuring  the  color  or  to  use  shorter  tul>es.  The 
latter  procedure  is  the  more  convenient,  but  both  are  equally  accu- 
rate. To  measure  the  color  with  short  tubes,  put  the  highly  colored 
water  in  a  tube  of  one-half  the  usual  length  and  match  as  usual.  It 
is  not  necessary  to  have  a  short  standard  holder.  The  200-millimeter 
tube  can  be  used.  After  the  water  is  matched  the  result  is  multiplied 
by  2.  In  case  the  color  is  too  high  to  be  read  in  a  100-millimeter  tube 
it  can  ]>e  put  in  a  50-millimeter  tube,  and  the  result  multiplied  by  4. 
When  dilution  is  used  the  highly  colored  water  is  mixed  with  one  or 
more  volumes  of  distilled  wat«r,  the  color  matched,  and  the  result 
multiplied  by  a  corresponding  factor.  The  tube  itself  can  be  used 
for  nleasuring  the  colored  water  and  the  distilled  water,  and  the  mix- 
ing can  l)e  done  in  a  tumbler  or  any  convenient  clean  vessel. 

Cleaning  the  tubes. — The  tubes  should  always  be  kept  clean  and 
the  glass  ends  protected.  All  the  ends  are  removable  for  the  purpose 
of  cleaning,  and  should  not  be  screwed  on  too  tightly.  They  should 
be  water-tight  when  only  screwed  up  loosely,  and  if  screwed  on  hard 
they  may  stick  so  as  to  come  off  with  difficulty. 

ALKALINITY. 

The  alkalinity  of  water  is  practically  a  measure  of  the  carbonatf^ 
and  bicarbonates  present.  The  determination  is  made  as  follows: 
Put  100  c.  c.  of  the  sample  into  a  6-inch  porcelain  evaporating  dish. 
Add  two  or  three  drops  of  a  0.1  per  cent  aqueous  solution  of  methyl- 
orange.  If  the  wat-er  is  alkaline,  this  will  impart  to  it  a  faint  yellow- 
ish brown  color.  Then  from  a  burette  graduated  in  tenths  of  a  cubic 
centimeter  run  in  a  fiftieth-normal  solution  of  sulphuric  acid  until  the 
color  of  the  water  changes  to  a  faint  pink.  The  acid  must  be  added 
in  small  portions  (only  one  drop  at  a  time  as  the  end  point  is  reached) 
and  the  water  stirred  with  a  glass  rod  after  each  addition.  The  num- 
ber of  cubic  centimeters  of  fiftieth-normal  acid  required,  when  multi- 
plied by  ten,  gives  the  alkalinity  of  the  water  expressed  in  equivalent 
parts  per  million  of  calcium  carbonate.  That  is,  if  1.8  c.  c.  is  required 
to  cause  the  color  of  the  indicator  to  change  from  brown  to  red,  then 
the  alkalinity  of  the  water  is  18  parts  per  million.  Inasmuch  as  it 
is  necessary  to  add  a  certain  amount  of  fiftieth-normal  acid  to  100  e.  c. 
of  water  which  has  no  alkalinity  in  order  to  produce  the  typical  color 
change,  the  reading  obtained  must  be  corrected  for  this  amount.  This 
correction  for  the  indicator  varies  with  different  individuals,  but  it 
seldom  exceeds  0.3  c.  c. 

Other  indicators,  such  as  lacmoid  or  erythrosine,  may  be  used  in 
place  of  methyl-orange,  and  in  certain  instances  their  use  is  to  be  pre- 
ferred, but  for  general  field  work  methyl-orange  is  most  convenient. 

PERMANENT  HARDNESS. 

The  Clark's  soap  method  has  been  used  in  the  examinations  of  river 
waters  given  in  the  following  tables.     This  method  gives  reliable 
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results  for  waters  as  soft  as  those  under  consideration,  but  for  the 
hard  waters  of  the  Central  States  Hehner's  acid  method  will  x)erhaps 
give  more  reliable  and  uniform  results. 

Results  of  determinations  of  hardness  obtained  by  various  observ- 
ers are  frequently  very  discrepant,  and  it  is  not  uncommon  to  have 
results  reported  by  chemists  which  are  worthless  on  account  of  faulty 
methods.  It  is  hoped  that  the  determinations  of  hardness  may  be  made 
upon  a  more  uniform  basis  throughout  the  country,  so  that  the  results 
may  be  comparable. 

In  the  following  tables  are  given  the  results  of  the  observations  upon 
turbidity,  color,  alkalinity,  and  hardness,  together  with  the  discharge 
of  Esopus,  Rondout,  Wallkill,  Catskill,  Fishkill,  Tenmile,  and  Housa- 
tonic: 

Thirbidity  color ,  alkcdinity,  and  hardness  of  streams, 

CATSKILL  CREEK. 


Date. 


1901. 

Aug.  19 

Ang.  27 

Sept.  2 . 

Sept.  8 

Sept.  23...    _ 

Oct.4 

Oct.  10, 

Oct.  22 

Nov.  8 

Nov.  19 

Dec.  9 

1902. 
Jan.  15.--     -- 

Feb.  27 

Apr.  10 

May  10 

June  3 - 

June  24 

jTily9 

July  23 

Aug.  2 

Aug.  13 

Aug.  27 

Sept.  5 


Gage 
beiffht. 

Color. 

Turbid- 
ity. 

AlkaUn- 
ity. 

Hard- 
ness. 

Discharge  in 
second-feet. 

«2.62 

6 

1 

58.0 

28 

«2.95 

11 

2 

48.0 

77 

08.00 

It 
1 

2 

53.0 

89 

02.90 

9 

2 

55.0 

66 

2.73 

2 

2 

54.0 

-  -  -           .  -  - 

39 

2.70 

4 

1 

51.0 

_   - 

36 

2.65 

1 

53.0 

53.0 

31 

2.82 

6 

3 

50.0 

51 

2.70 

1 

.—     —     ..     —     .. 

49.0 

50.0 

36 

2.75 

3 

1 

50.0 

50.0 

42 

8.30 

2 

38.0 

44.5 

110 

3.50 

2 

1 

38.0 

42.0 

144 

4.90 

22 

11 

25.0 

26.0 

400 

6.70 

32 

25 

22.0 

24.0 

2,200 

8.47 

4 

6 

36.0 

42.0 

133 

2. 82 

6 

1 

42.0 

50.0 

99 

2.70 

1 

9 

3 

47.0 

51.5 

43 

3.40 

9 

2 

45.0 

47.0 

113 

6.11 

35 

25 

35.0 

44.5 

1,602 

5.86 

33 

12 

42.0 

49.0 

1,005 

3.49 

12 

1 

50.0 

50. 5 

135 

2.74 

11 

4 

56.0 

52.0 

394 

2.79 

6 

4 

56.0 

56.0 

50 

a  Taken  from  gage  height  record. 
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Turbidity,  color ^  alkalinity y  and  hardness  of  streams — Contixiiied. 

BONDOUT  GREEK. 


Date. 

Gttse 
heiglit. 

Color. 

Tnrbid- 
ity. 

AlkBlin- 
ity. 

Hard> 
neee. 

Discharo>in 
aeoond-ieet. 

1901. 
Ang.28 

7.15 
7.62 
7.80 
7.13 
6.87 
6.87 
6.50 
6.96 
7.65 
6.70 
6.50 
7.00 
6.60 
6.40 
6.35 
7.30 
6.80 
6.40 
6.80 
9.80 
9.50 
8.50 
16.70 
11.00 
7.25 
12.20 

7.00 

6.70 

6.70 

10.30 

7.90 

7.70 

9.50 

8.20 

7.85 

10. 45 
ely  too  low. 

42 
32 
66 
68 
30 
30 
26 
40 
26 
28 
24 
21 
26 
21 
23 
32 
31 
23 
21 
32 
38 
34 
80 
48 
13 
32 

17 
14 
14 
32 
23 
.    80 
14 
11 
10 
22 

4 

20 

6 

15 

12 

13 

4 

4 

8 

3 

37.0 
23.0 
11.0 
18.0 
18.0 
14.0 
17.0 
22.0 
22.0 
20.0 

—  —  —  -   — — ■  —  — 


22.0 
«21.0 
«19.0 
«24.0 
27.0 
26.0 
24.0 
25.0 
23.0 
24.0 
24.5 
23.5 
25.0 
20.0 
17.5 
18.0 
20.0 
26.0 
20.0 

24.0 
23.5 
21.0 
12.5 
14.5 
25.5 
21.5 
24.5 
24.5 
l5.9 

62(1 

Sept.  1 

1,126 
602 

43» 

1,01)1 
3U 

515 

Sept.  3 

Sept.  4 

Sept.l9 _   

Do 

Oct.U 

Oct.3 

Oct.lS 

Oct.22 

Oct.81 

4         24.0 

Nov.13 _ 

14 

26.0 

Nov.16 

5 
2 

20.0 
90.0 

249 

Nov.l9 

123 

Nov.  22 

3  !       19.0 

92 

Nov.26 

7 
3 
7 
3 
65 

w 

19 

75 

7 
60 

5 

4 

3 

3 

1 

10 

18 

11 

6 

30 
frBotUc 

17.0 
21.0 
21.0 
19.0 
19.0 
13.0 
12.0 
13.0 
11.0 
14.0 
10.0 

14.0 
20.0 
18.0 
10.0 
12.0 
21.0 
14.5 
19.5 
20.0 
13.0 
>  broken. 

72S 

Nov.29 

38i) 

Dec.  3 

12:1 

Dec.  6 _ 

set 

Dec.  10 

1,701 

Dec.  11 

7 

2,69 

Dec.  12 

1,T5 

Dec.l5 

Dec.  16 

12,31 
4.39 

Dec.  25 

31 

Dec.  30 

5.5: 

1902. 
Jan.  7 

oil 

Jan.  14 

Jan.  18 

21 
24l 

Jan.  23 

3  4?^ 

Jan.25 

Jan.  28 

1.21 
67 

Feb.  4.. 

2,6"i 

Feb.  11 

Feb.  14 

Feb.  27 

aLlk 

74 
2.  c> 

ph" 


'I 
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Turbidity,  color,  alkalinity y  and  hardnvMs  of  Htreartis—Contmued, 

RONDOUT  CREEK-Continued. 


Date. 


1902. 


Mar.  1  ... 
Mar.  2  ... 
Mar.  3  ... 
Mar.  4  ... 
Mar.  8  ... 
Mar.  9  .  - . 
Mar.  9  - . . 
Mar.  10  .. 
Mar.  29  . . 
Apr.  8  ... 
Apr.  10  .. 
Apr.  24  .. 
Apr.  26  .. 
Apr.  30  .  - 
Mav26... 
May  28... 
June  5  . . . 

Jnne  6 

Jnne 18  . . 
Jnne  19  . . 
Jnne  22  .. 
Jnne  28  .  _ 

Jnly  3 

Jnly  19... 
Jnly  21. - 
Jnly  22--- 
Jnly  23. . . 
Jnly  26.. - 
Jnly  31... 
Ang.  7... 
Ang.  13  .. 
Ang.  15  . 
Ang.  20  . . 
Ang.  21  .  - 
Ang.  25  .. 
Ang.  27  ._ 
Ang.  30  .. 
Sept.  5  — 


Gage 
heicrht. 


Color. 


17.55 
14.00 
11.75  ' 
9.90 
I .  <o 
12.70 
9. 50 
10.00 
11.00 
7.65 
11.95 
6.90 
7.10 
9.30 
6.90 
7.10 
6.45 
6.40 
6.50 
6.30 
7.20 
7. 55 
6.80 
6.30 
8.65 
9. 75 
8.60 
9. 85 
7.35 
7.3«> 
6.80 
6.50 
6.40 
6.35 
6. 25 
6.30 
6. 35 
6.10 


42 

40 
31 
21 
30 
35 
19 
23 
25 
21 
32 
14 
16 
25 
12 
14 
14 
13 
13 
13 
12 
21 
31 
15 
40 
35 
45 
45 
30 
28 
17 

20 
'6 
11 
14 
12 
11 


Turbid- 
ity. 

Alkalin- 
ity. 

Hard- 
nefw. 

Diachareein 
aecond-ieet. 

145 

14.0 

14.3 

18,900 

120 

14.5 

13.5 

7,900 

55 

11.0 

11.9 

5,075 

30 

9.5 

12.0 

3,043 

28 

14.0 

16.5 

1,084 

48 

12. 5 

15.0 

6,120 

50 

14.0 

21.0 

2,650 

80 

12.5 

19.5 

8,150 

40 

14.0 

19.0 

4,250 

15 

13.0 

17.0 

1,000 

82 

12.0 

14.0 

5,665 

4 

18.0 

22.0 

447 

35 

15.5 

20.5 

585 

28 

13. 5 

19.0 

2,470 

8 

23.0 

24.5 

447 

21 

23.0 

24.5 

586 

18 

27.0 

28.0 

156 

7 

23.0 

25.0 

168 

10 

28.0 

30.0 

185 

14 

32.0 

32.5 

75 

20 

25.0 

31.2 

656 

24 

20.5 

24.7 

920 

30 

21.5 

22.8 

880 

2 

27.0 

30.5 

75 

95 

21.0 

^2.0 

1,885 

105 

15.0 

19.5 

2,890 

35 

13.0 

17.0 

1,840 

45 

15.0 

24.0 

2,991 

14 

14.0 

24.0 

765 

8 

19.0 

26.0 

838 

2 

18.0 

£2.0 

380 

1 

22.0 

22.5 

185 

2 

24.0 

28.0 

123 

2 

25.0 

27.0 

92 

5 

23,0 

24.5 

60 

13 

30.0 

29.0 

75 

5 

26.0 

27.5 

92 

4 

26.0 

31.0 

35 

80 


FLOW    OF   RIVERS   NEAR   NEW    YORK    CITY. 
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Turbidity,  color,  alkalinity,  and  hardness  of  streams — Continned. 

RONDOUT  CREEK— Continued. 


Date. 


UH)2. 


Sept.  H  . . 
Sept.  U  . 
Sept.  16 
Sept.  17  - 


hoiffht. 


6.20 
6. 50 
6.30 
6.20 


Color. 


11 
14 
17 
17 


Tarbid-     AlkaUn- 
ity.  ity. 


3 
6 
3 
3  ' 


28.0 
23.0 
24J.O  I 
23.0  . 


Hard- 
ness. 


DJacharsein 
I  second-i«et. 


31.0 
24.5 
26.0  j 
28.0  . 


5*.» 

7ri 
50 


ESOPUS  CREEK. 


1901. 


or; 


Aug. 
Aug.  27 
Ang.  29 
Sept.  4  . 
Sept.  21 
Sept.  26 
Oct.  3. 
Oct.  8-- 
Oct.  17- 
Nov.  1  . 
Nov.  14 
Nov.  18 
Dec.  4   . 
Dec.  11 
Dec.  19 
Dec.  30. 


7.67 
6.02 


5. 72 


1902. 

Jan.  9 _ 

Jan.  22 

Feb.  7 

Feb.  20 

Mar.  1    

Mar.  12 

Apr.  10 

Apr.  23 

May  14__ 

May  24 ..__ 

June  5 _ . . 

June  16 

June  26 i 

oFrom  Aug.  26  to  (Vt.  8, 


6.27 
4.78 
4. 55 
5.25 
4.70 
6.30 
4.  <o 
4.75 
4.45 
5.30 
'Ml. 40 
8.35 
12.10 

6.50 
16.00 
6.80 
5.35  : 

20.40 ; 

9.90 
13. 25 
6.94 
5.a3 
5.02 
5.03 
4.48 
5.00 


52 
34 

28 
19 
11 

9 
16 
14 
14  . 

9 

9 

9  ! 
10 
45 
22 
25 

15 
29 
16 

8 

48 
25 
22 
16 
12 

8 
14 
10 
18 


35 
i 

3 

13 

3 

4 

6 

3 

10 

4 

4 

2 

6 

38 

50 

80 

15 

180 

20 

5 

180 

125 

85 

21 

10 

4 

17 

o 

13 


17.5 
22.0 


19.0 

23.0 

23.5 

18.0 

18.0 

14.0 

15.0 

21.0 

17.0 

16.0 

10.0 
♦>o 


11.0 

13.0 
10.0 
15.0 
19.0 
11.0 
18.5 
9.0 
13.0 
16.0 
19.0 
20.0 
24.0  I 
20.0 


(«) 


liardneRS  not  determined. 


15.0 
18.0 
22.0 
22.0 
20.5 
16.0 
19.0 
17.0 


21  0 
15  0 
19.5  I 
23.5 
16.5  ' 
23.5 
13.5  I 
15.0 
20.0 
24.0 
22.5  ' 
26.0  i 
22.0  , 
{>  Backwater. 


1.200 
54i> 
431^ 
&40 
198 
167 
295 
18^ 
&Vt 
195 
195 
153 

1,721 
1,470 
3.723 

514 

7,60<i 

628 

231 

12.60*» 

2.H4:^ 

5.021 

910 

474 

2:> 

2, 345 

1,35^ 

2,312 
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Turbidity,  color,  alkalinity ^  and  hardness  of  streams — Contimied. 

ESOPUS  CREEK— Continued. 


Date. 


Gage 

height. 


1902.  I 

JnlyO 

July  16 

July  24 

July  30 

Aug.  12 

Aug.  21 

Sept.4 


5.80 
5.13 
8.11 
7.65 
6.28 
4.94 
4.49 


Color. 

Tnrbid- 
ity. 

20 

12 

10 

10 

35 

15 

23 

8 

21 

8 

14 

6 

11 

6 

Alkalin 
ity. 


Discharge  in 
second-feet. 


4,504 

2,688 

1,348 

1,155 

550 

191 

133 


1901. 


Aug.  17 
Aug.  20 
Aug.  23 
Aug.  24 
Aug.  28 
Aug.  31 
Sept.  5  - 
Sept.  19 
Oct.  9.. 
Oct.  31 . 
Nov.  9  . 
Nov.  16 
Dec.  11. 
Dec.  19. 
Dec.  30. 


1902. 


Jan.  13 . 
Jan.  23  . 
Feb.  10. 
Feb.  24. 
Mar.  10 
Apr.  21 . 
Mayl  .- 
May  21 . 
June  6  . 
July  17- 
July  29. 


WALLKILL  RIVER. 


6.75 
7.2 
6.25 
6.05 
5.85 
5.95 
8.55 
7.30 
6.50 
6.10 
5.94 
6.50 
all.  50 
13.70 
20.20 

8.05 

16.40 

7.78 

7.30 

16.40 


7.55 


10.00 
6.33 
6.40 
5.70 
7.49 


78 
110 
104 
110 
82 
86 
82 
45 
60 
46 
28 
45 
60 
55 
35 

33 
38 
21 
19 
31 
29 
60 
39 
20 
33 
52 


3 

9 

6 

12 

14 

12 

12 

13 

7 

5 

4 

9 

45 

38 

45 

15 
125 

14 

10 
160 

25 

28 
8 

13 
5 

23 


77.0 
48.5 
58.0 
64.0 
62.0 
71.0 
66.0 
59.0 
67,0 
81.0 
92.0 
88.0 
43.0 
37.0 
24.0 

74.0 
25.0 
67.0 
8.9.0 
26.0 
56.0  ' 
44.0  ' 
75.0  ' 
73.0  ' 
82.0  I 
54.0  , 


93.0 
105.0 
97.0 
50.0 
42.0 
26.0 

83.0 
30.0 
76.0 
97.2 
31.0 

60.0 
46.0 
89.0 
84.0 
90.0 
72.0 


565 

794 

321 

232 

165 

196 

1,503 

814 

440 

264 

202 

440 

2,480 

3,680 

8,190 

717 

5,422 

596 

382 

5,422 

977 

2,540 

356 

381 

126 

942 


a  Backwater. 


IRR  76—03- 


-() 
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FLOW   OF   KIVEBS   NEAR  NEW   YO&K   CITY. 


[jro.76. 


Turbidity,  color,  cUkalinity,  and  hardness  of  streams — Contiiiaed. 

WALLKILL  BIYEB— Gontizined. 


Date. 


1902. 

Ang.  6 

Ang.  15 

Ang.  28 

Sept.  6 \-_ 


Oam 
height. 


Color. 


7.98 
6.72 
5.86 

5.78 


68 
48 
24 
38 


Turbid- 
ity. 


AlkaUn- 
ity. 


HftTd- 


25 

62.0 

8 

88.0 

5 

88.0 

5 

57.0 

71.0 
84.0 
89.0 
61.0 


Discharsein 
seoond-ieet. 


I,l.i0 
518 
169 
145 


TENHILE  RIVEB. 


1901. 

Sept.  12 

Oct.  26 

Nov.ll _  

Nov.  22 

Dec.  2 

Dec.  17. ._ 

Dec.  27 

1902. 
Jan.  10 • 

Feb.  4. 

Feb.  13 _  

Mftr,  8 

Apr.  7._- 

May2 

May  15 

Jtip^  ft 

June  30 _ 

Jtdy  21 

AufiT.  4 

Aug.  19 

Sept.  2 

5.90 

18 

2 

121.0 

364 

5.00 

12 

4 

134.0 

142.0 

166 

4.75 

8 

2 

146.0 

151.0 

130 

4.80 

8 

2 

147.0 

154.0 

129 

4.75 

6 

1 

137.0 

152.5 

120 

8.41 

25 

12 

79.0 

86.0 

1,120 

6.54 

22 

9 

103.0 

106.0 

524 

5.75 

11 

4 

98.0 

108.0 

338 

6.30 

13 

11 

90.0 

104.0 

460 

5.00 

8 

6 

126.0 

187.0 

166 

« 10. 41 

21 

36 

60.0 

0 

61.1 

ft  2, 100 

«6.18 

12 

3 

100.0 

108.0 

558 

6.46 

19 

7 

105.0 

112.0 

640 

4.88 

12 

1 

118.0 

128.0 

230 

4.44 

16 

15 

130.0 

189.0 

123 

4.90 

19 

6 

188.0 

160.0 

219 

7.20 

40 

25 

88.0 

90.0 

821 

4.69 

11 

3 

129.0 

141.0 

1,84s 

4.28 

10 

4 

138.0 

160.0 

100 

3.95 

10 

4 

139.0 

155.0 

63 

FISHKILL  CREEK. 


1901. 


Aug.  21 
Aug.  31 
Sept.  4  . 
Oct.  8._ 


C4.46 

39.0 

2 

88 

^4.57 

24.0 

4 

85 

<j4.42 

24.0 

6 

88 

3.90 

13.0 

8 

82 

98.0 

a  AU  readings  on  this  and  following  dates  made  on  new 
gage  placed  0.38  foot  higher  than  the  old  gage. 


286 
835 

277 
113 


b  Approximate. 

c  Taken  from  dally  gage  height  record. 
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Turbidity^  color^  alkalinity,  and  hanlnens  of  streams — Continued. 

FISHKIL.L  CBEEK-Continned. 


Dat^'. 


1901. 


Oct.  10  . . . 
Oct.  17  - . . 
Oct.  25. 
Oct.  31 .  . . 
Nov.  5  - . . 
Nov.  8  - . . 
Nov.  13  - . 
Nov.  15  .  - 
Nov.  19  . . 
Nov.  23  . . 
Nov.  26  . 
Dec.  17-  . 
Dec.  19. . 
Dec.  24- . . 
Dec.  26. -- 
Dec.  31-.- 


1903. 


Jan.  2-- 
Jan.  7-. 
Jan.  9-. 
Jan.  14. 
Jan.  16. 
Jan.  21. 
Jan.  28- 
Jan.  30. 
Feb.  4.- 
Feb.  7_. 
Feb.  11. 
Feb.  18. 
Feb.  20. 
Mar.  7  . 
Apr.  18. 
Apr.  22- 
Apr.  24. 
Apr.  29. 
May  15. 
May  20 . 
May  22 . 


Gaee 


Color. 


o  Likely  too  low. 


3.85 
4.50 
4.05 
4.00 
3.90 
3. 95 
4. 35 
4.05 
3.95 
3.90 
4.30 
6.10 
5.10 
4. 55 
4.. 55 
7.30 

5.65 
4.80 
4.65 
5.00 
4.35 
4.15 
4.90 
4.95 
5. 50 
5. 20 
4.80 
4.40 
4.40 
5. 20 
4.60 
4.30 
4.10 
4.00 
3.90 
3.80 
3.70 


11.0 
36.0 
16.0 
12.0 
12.0 
11.0 
17.0 
21.0 
13.0 
8.0 


22.0  ; 


29.0 
21.0 
11.0 
13.0 
24.0 

15.0 

12.0 

11.0 

5.0 

6.0 

6.0 

80.0 

9.0 

13.0 

11.0 

7.0 

5.0 

7.0 

11.0 

10.0 

9.5 

11.0 

13.0 

11.0 

11.0 

13.0 


Turbid- 
ity. 


Alkalin- 
ity.      I 


2 
4 
2 
3 
o 
4 
4 
4 
4 
4 

5 ; 

12 

f 
t 

5 

4 

12 


3 
2 
3 
5 
3 
25 
4 

r* 
J 

6 
4 
6 
11 
14 
5 
4 
3 
3 
4 
3 
2 


94 
72 

88 
87 
85 
85 
80 
78 
79 
H3 
74 
45 

58  I 

I 

71 
74  I 
33 

52 
66 
70 
79 
79 
82 
52 
63 
53 
72 
74 
80 
79 
48 
63 
70 
72 
79 
74 
76 
79 


Hard- 
ness. 


100.0 
»68.0 
«84.0 
89.0 
89.0 
92. 0 
87.0 
109.0 
94.0 
89.0 
84.0 
47.0 
64.0 
78.0 
79.0 
39.0 

60.0 
78.0 
81.0 
83.0 
85. 0 
85.0 
55.5 
77.0 
60.0 
82.0 
81.0 
86.0 
87.0 
60.0 
68.0 
72.0 


76.0 


82.0 
85.0 
85.0 
85.0 


Discharge  in 
Becond-ieet. 


100 
305 
154 
140 
113 
500 
250 
154 
126 
113 
233 
926 
409 
224 
224 
1,682 

678 

300 

&253 

6370 

&172 

&128 

6334 

6352 

6594 

640 

430 

268 

268 

640 

345 

233 

169 

140 

113 

88 

66 


b  Taken  from  daily  gage  height  record. 
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Turbidity y  color,  alkalinity,  and  hardness  of  streams — Contiimed. 

FISHKILL  CREEK— Continued. 


Date. 


1902. 


May  28   . 
Jnne  6  . 
June  10  . 
June  16 
Jime  19 
July  5.-. 
Julys... 
July  11. 
July  16. 
Aug.  4  - . 
Aug.  6  . . 
Aug.  11  - 
Aug.  13  . 
Aug.  19  . 
Aug.  21  . 
Sept.  1  - . 
Sept.  2 . . 
Sept.  5 . . 
Sept.  9  - . 
Sept.  12  . 
Sept.  15  - 


1901. 


Oct.  29 . 

Nov.  13_ 
Nov.  23- 
Dec.  28. 

Jan.  11  - 
Feb.  14_ 
Mar.  18. 
Mays.. 
June  22 
June  23 
June  25 


1902. 


Gaffe 
height. 

'    Color. 

1 

Turbid- 
ity. 

AlkaUn- 

ity. 

Hard- 

nettsL 

Dierhareeio 
second-feet. 

1 

1 

4.55 

1 

34.0 

5 

70 

80.0 

4a) 

8.50 

11.0 

3 

79 

81.0 

115 

3.80 

19.0 

4 

79 

85.0 

175 

3. 50 

14.0 

5 

84 

90.0 

115 

3.50 

16.0 

5 

86 

91.0 

115 

3.60 

15.0 

4 

81 

90.0 

135 

3.50 

20.0 

2 

83 

85.0 

115 

3.40 

14.0 

8 

86 

86.0 

95 

8.10 

10.0 

.2 

89 

94.0 

55 

3.60 

13.0 

2 

81 

86.0 

135 

3.40 

11.0 

3 

82 

89.0 

95 

3.60 

14.0 

12 

74 

81.0 

135 

3.60 

17.0 

2 

74 

81.0 

m 

3.20 

10.0 

3 

84 

90.0 

65 

3.10 

7.0 

2 

84 

86.0 

55 

2.90 

12.0 

4 

94 

96.0 

a5 

2.80 

12.0 

5 

93 

96.0 

30 

2.90 

8.0 

3 

89 

97.0 

35 

8.00 

9.0 

3 

85 

89.0 

40 

3.05 

12.0 

3 

78 

85.0 

45 

3.20 

12.0 

2 

77 

87.0 

65 

HOUa 

ATONIC  ] 

RIVER. 

4.05 

19.0 

3 

108 

108.0 

935 

4.83 

25.0 

4 

102 

106.0 

1,860 

4.10 

21.0 

5 

100 

105.0 

980 

5.16 

1 

14.0 

6 

91 

97.0 

2,430 

5.00 

13.0 

5 

89 

92.0 

2, 145 

'        08.30 

20.0 

5 

96 

108.0 

8,000 

7.63 

24.0 

.... .«.- 

58 

60.0 

8,277 

6.10 

20.0 

11 

78 

86.0 

4,459 

4.70 

24.0 

4 

89 

92.0 

1.530 

4.50 

18.0 

3 

92 

94.0 

1,177 

4.80 

14.0 

3 

98 

95.0 

1,070 

« 

iBackwatc 

tt". 
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7\irbidityy  color,  alkalinity,  and  hardness  of  streams — Contmued. 

HOU8ATONIC  RIVER— Continued. 


Date. 


1902. 

June  26 

July2 

July4.._       .. 

JtQye 

July  8 

July  15 

July  18 

July22--.-. 

July  25 

July  29 

Aug.  1 

Aug.  5 

Aug.  8 

Aug.  12 

Aug.  15 

Aug.  19 

Aug.  22  ... . 

Aug.  2« 

Aug.  29 

Sept.  2 

Sept.  5 

Sept.  9 

Sept.  12 


Gaffe 
tei^t. 

Color. 

1 

Tnrbid- 
ity. 

Alkalin- 
ity. 

Hard- 
ness. 

Di»charffein 
second-feet. 

4.30 

15.0 

2 

94 

95.0 

• 

1,070 

4.60 

18.0 

3 

90 

90.0 

1,400 

4.70 

20.0 

6 

91 

93.0 

1,530 

4.50 

16.0 

2 

93 

93.0 

1,177 

5.00 

22.0 

3 

91 

94.0 

2,145 

3.90 

14.0 

5 

85 

101.0 

750 

3.90 

18.0 

7 

95 

98.0 

750 

6.70 

34.0 

22 

63 

75.0 

5,119 

5.60 

30.0 

12 

73 

82.0 

3,050 

4.90 

26.0 

ft 

88 

91.0 

1,800 

4.80 

35.0 

4 

88 

94.0 

1,650 

4.20 

14.0 

4 

102 

109.0 

983 

4.50 

14.0 

2 

102 

107.0 

1,177 

5.20 

32.0 

5 

73 

83.0 

2,300 

4.50 

31.0 

3 

a5 

86.0 

1,177 

3.70 

11.0 

3 

96 

106.0 

3.90 

11.0 

2 

96 

99.0 

750 

3.90 

U.O 

4 

103 

107.0 

750 

3.90 

10.0 

3 

96 

104.0 

750 

3.60 

10.0 

2 

98 

113.0 

640 

8.60 

9.0 

1 

104 

110.0 

640 

3.40  ' 

10.0 

1 

105 

109.0 

490 

3.90 

13.0 

2 

97 

104.0 

750 

Though  the  number  of  observations  is  not  sufficient  to  give  accurate 
curves,  the  results  as  shown  in  the  tables  have  been  plotted  in  Pis.  IX, 
XI,  XII,  and  XIII ^  and  tentative  curves  drawn  showing  the  relation  of 
these  qualities  to  the  discharge  of  the  stream.  In  the  curves  represent- 
ing alkalinity  and  hardness  the  relation  seems  to  be  well  marked.  The 
diagrams  show  the  relative  hardness  of  the  various  streams,  also  ratio 
of  decrease  in  hardness  as  the  discharge  increases.  The  regularity  of 
the  points  enables  one  to  prophesy  with  fair  precision  the  alkalinity  or 
hardness  that  might  be  expected  at  intermediate  discharges.  The 
turbidity  and  color  are,  as  might  be  expected,  far  more  irregular. 
It  would  not  be  expected  that  during  a  rapidly  rising  flood  we  should 
find  the  same  turbidity  as  at  the  time  of  general  high  water.     The 


a  Since  the  diagrams  were  plotted  many  more  observations  have  been  obtained  and  are  included 
in  these  tables.  The  diagrams  have  not  been  changed,  as  they  are  only  intended  to  be  sug- 
srefltive. 
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effeut,  too,  of  a  local  sliower  or  one  tributary  may  affect  the  qnality 
of  the  water  much  inon?  than  the  same  increase  of  water  from  anolher 
tributary,  so  that  in  an  exhaustive  study  of  a  large  river  the  I'fTect  of 
floods  on  each  tributary  is  important,  and  should  be  studied  rather 
than  the  river  as  a  whole.  Most  of  the  tributaries  of  the  streams 
under  consideration  are  short,  and  storms  would  usually  cover  a  larjre 
part  of  the  drainage  basin. 

It  is  not  considered  that  results  have  been  obtained  that  are  final 
upon  these  points,  so  that  their  publication  is  in  the  nature  of  a  prog- 
ress report.  Measurements  are  being  continued,  and  it  is  hoped  that 
better  curves  can  be  constructed  later.     The  ciirves  representing  tnr- 


Fio.  8.— New  (oldlng  turbidity  "tick. 

bidtty  and  color  are  merely  suggestions.  It  was  nut  i  ntended  that  the 
color  curves  of  the  Catakill  and  Tenmile  should  turn  so  far  to  the  left 
at  the  -iipj)er  part. 

OA<iK  IIKIGHTS  AXD  DISCHARGE  MEASITREMBNTS. 

In  the  following  tables  are  given  the  mean  daily  gage  heights  during 
the  years  1901  and  1EI02  at  the  stations  established  upon  the  Catskill, 
Esopus,  Rondont,  and  Kishkill  creeks,  and  Wallkill,  Tenmile,  and 
Housatonie  rivers. 

Following  these  tables  are  records  of  current-meter  discharge  meas- 
urements on  these  streams.  These  observations  and  measurements 
are  being  continued. 
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Mean  daily  gage  height  of  Catskill  Creek  at  South  Cairo ,  N,  Y.^for  1901, 


Day. 


1.. 

2.. 

3.. 

4.. 

5.. 

6... 

7... 

«.. 

9.. 
10.. 
11... 
12... 
18... 
14... 
16... 
1«... 


July. 


2.76 

2.9 

8.8 

8.6 

8.08 

8.36 

8.07 

ass 

8.46 

8.28 

8.0 

2.86 

2.9 


Aug.  I  Sept. 


Oct. 


2.66 

2.6 

2.66 

2.4 

2.4 

2.6 

8.86 

8.06 

2.87 

2.8 

2.77 

2.66 

2.56 

2.6 

2.6 

2.6 


2.92 

2.8 

8.0 

2.76 

3.22 

2.7 

8.27 

2.7 

3.06 

2.97 

2.92 

2.67 

2.87 

2.62 

2.9 

2.66 

2.87 

2.6 

2.82 

2.66 

2.8 

2.6 

2.76 

2.6 

2.71 

2.65 

2.72 

2.8 

2.7 

8.1 

2.76 

8.16 

Nov.  Dec 


Day. 


2.7 

2.7 

2.66 

2.67 

2.67 

2.66 

2.7 

2.7 

2.66 

2.65 

2.65 

2.67 

2.8 

8.02 

2.85 

2.82 


2. 
2. 
2. 

a 

8. 

a 
a 

3. 

a 

6. 
4. 
4. 

a 

6. 

12. 

5. 


05 

66 

65 

8 

8 

as 

82 

8 

85 

86 

62 

45 

95 

95 

8 

6 


17 
18 
19 
20 
21 
22 
28 
24 

25 

I 

26 
27 
28 
29 
'  80 
81 


July, 
a  85 

a  78 

4.36 

ass 
a  17 

2.67 
2.95 

ao 
a  02 

2.82 

2.7 

2.7 

2.72 

2.66 

2.6 


Aug. 

Sept. 

Oct. 

Nov. 

2.4 

2.82 

a  02 

2.77 

2.52 

2.97 

2.97 

2.75 

2.62 

2.97 

2.9 

2.75 

2.67 

2.82 

2.85 

2.75 

2.75 

2.8 

2.82 

2.76 

ao6 

2.8 

2.8 

2.75 

a  22 

2.77 

2.8 

2.7 

a  46 

2.72 

2.8 

2.7 

ass 

2.67 

2.8 

2.7 

a  2 

2.65 

2.8 

2.7 

2.96 

2.65 

2.75 

2.66 

2.8 

2.7 

2.76 

2.65 

2.7 

2.8 

2.75 

2.65 

2.65 

2.82 

2.7 

2.65 

2.6 

2.7 

Dec. 

6.0 
4.4 
4.0 
a  85 
a  9 

4.0 
4.0 
4.07 
a  45 

ai' 
a  4 
a6 
a  86 

4.5 
4.4 


Mean  daily  gage  height  of  Catskill  Creek  at  South  Cairo,  N,  F.,  for  190S! 


Day. 

Jan. 

Feb. 

1 

4.80 

2 

5.06 

3   

6.20 

4 

4.46 

5 

4.40 
4.20 
4.06 
4.80 
a  70 

ass 
a  40 
aao 

3.80 

aao 
a  20 
aao 
a  20 
a  00 

2.90 
2.90 

a  10 

9.85 
5.90 
4.80 
4.40 
4.08 
a  85 

a  58 
a  70 

4.25 
4.80 

4.40 

6 

4.40 

7  

4.80 

8 

4.25 

9  

4.20 

10 

11  

4.25 
4.40 

12  

4.60 

13  

4.70 

14 

4.95 

16 

a  10 

16 

8.20 

17 

a  40 

18 

a  SO 

19 

a  00 

20 

aao 

21 

aao 

22 

aao 

23 

aso 

24 

8.20 

25 

26 

a  40 
aso 

27 

4.88 

28 

9.15 

29 

ao 

81 

Mar.    Apr.    May. 


11.70 
9.68 
6.70 
6.80 
6.85 
5.40 
4.10 
4.10 
4.80 
5.20 
5.75 
9.10 
9.20 
7.  SO 
6.45 
7.40 
9.43 
6.86 
4.15 
4.50 
4.00 
4.55 
5.56 
5.48 
5.05 
4.98 
4.88 
5.08 
5.73 
5.98 
5.48 


6.85 

6.88 
4.95 
4.88 
4.90 
4.65 
4.40 
4.00 
11.66 
8.25 
6.98 
6.48 
5.  SO 
4.95 
4.78 
4.68 
4.35 
4.25 
4.20 
4.20 
4.18 
4.10 
4.08 

aes 
a90 
aao 
a  88 
a  73 
a  05 

4.10 


4.10 

a  96 
asB 
a  88 
a  83 
a  78 
a  73 
a  70 
a  00 
aso 
a40 
aao 
a  28 
a  28 
a  20 
a  06 
a  00 

2.95 
2.90 
2.95 
2.95 
2.83 
2.78 
2.90 
2.95 
2.85 
a  10 
a83 

a25 
a  13 
a  00 


'  a28 

2.78 

a  28 

2.75 

a  20 

2.70 

a  06 

2.75 

a  00 

2.90 

2.95 

2.88 

2.90 

2.78 

2.95 

2.85 

'  2.95 

2.80 

2.83 

2.80 

Jane. 

2.95 
2.88 
2.80 
2.83 
2.88 
2.88 
2.85 
2.90 
2.80 
2.75 
2.70 
265 
278 
2.75 
2.70 
2.75 
2.90 
2.88 
2.78 
2.85 
2.80 
2.80 
2.80 
2  78 
270 
2.68 
265 
2.00 
2.80 
a  88 


July. 


Ang.    Sept. 


a  48 

a28 
a  18 
a  10 
a  06 

4.46 
4.20 

a  48 
aao  I 
a66 
aoo 
a66 ' 

2.96 

280  I 
280  ' 
2.75  I 
2.70  I 
265  ', 
270  ' 
4.40 
7.25  I 
6.50 
6.68  ' 
6.18 
7.08  ' 
7.85  ! 
4.06 
4.20 
4.40 
4.38 
4.25 


4.50 
6.58 
4.38 
4.18 
a  85 
4.45 
4.20 
a  98 

aao 
a  65 
ass 
ass 
a  46 
a  15 
a  20 
a  15 
a  06 

203 

a  05 
a  10 
a  08 

298 
298 
283 
275 
2.70 
2.70 
2.73 
285 
298 
a  08 


290 
288 
275 
2.78 
2.78 
2.70 
273 
2.78 
2.90 
a  68 

ass 
a  28 
a  40 
ass 
a  85 
a  18 
a  05 

296 

2.98 

a  25 

a  48 
a  68 
a  18 
a  10 
a  25 
a  58 

4.35 

«4.70 
9.95 
7.20 


Oct. 


Nov. 


6.18 
5.68 
6.20 
4.80 
4.00 
4.58 
4.40 
4.28 
4.06 

aoo 

a  98 
5.08 
4.00 
4.25 
4.15 
4.25 
a  93 
a  83 

aao 
a  83 
a '28 
a  73 
aoo 
a  63 
a  60 
aso 
ass 

5.90 
5.30 
4.70 
4.46 


4.80 
4.15 
4.05 
a  96 
a  90 

aao 
a77 
a  73 
aes 
ass 
aso 
ass 
a  68 
ass 
aso 
a  40 
a  40 
ass 
aao 
a  28 
aoo 
a  20 
a  20 
a  15 
a  20 
aao 
a  85 

4.13 

aao 
a  63 


aoo 

8.68 

aao 

4.18 
4.00 
4.00 

a  98 
aao 
aTO 

4.06 
4.40 
4.13 
4.00 
4.00 
a  96 
4.58 
6.85 
6.43 
5.00 
4.80 
6.66 

a  48 

6.70 
5.18 
4.86 
6.65 
4.85 
4.20 
4.18 
a  95 

aa5 


a  12  o'clock  midnigrht,  16.1. 
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Mean  daily  gage  height  of  Esopus  Creek,  at  Kingston,  N.  Y.,for  1901. 


Day. 

July. 

1 
:Aug. 

'  8.87 

Sept. 

Oct. 

Nov. 

Dec. 

Day. 
17 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Der. 

1 

1 
6.47  ,  4.62 

1 
4.62     4.6    ; 

1 
.    4.05     4.37     .5.0      4.47 

4.3 

10,56 

2 

3.05 

6.8 

4.62 

4.62  1  4.62  1 

18 

.,4.05 

4.54     5.27    4.42  }  4.37  i 

9.06 

8 

3.9 

6.67 

4.7 

4.35     4.77  , 

19 

4.6    1  4.5    1  5.07     4.6 

4.52 

8.1 

4 

4.95 

6.27 

4.62 

4.87 

5.45 

4.62 

20 

J  4.15     4.77     5,35  i  4.77     4.5 

8.0 

6 

4.3 

1  3.95 

5.8    1  4.42 

4.56 

21 

-4.1    15.95     5.17     4.77 

4.47 

7.75 

6 

4.35 

3.7 

6.57     4.3 

4.47 

4.67 
4.72 

22 

.|3.9      6.68     4.77     4.67 

4.52. 

7.2 

7 

4.3 

<  3.95  1  5.42 

4.47 

4.57 

23 

.    4.(!5     5.92     4.92  '  4.67 

4.45  1 

6Lt5 

8 

4.4 

,  7.0    ,  5.02 

4.67 

4.47 

4.66 

24 

.'  4.0      7.85    4.77  '  4.62'  4.S8 

6.7 

9 

4.4 

'5.72     5.17 

4.5 

4.82   ./.-.J 

1           1 

25 

J  3.9      7.67 

4.5      4.62    4.62 

6.5 

10 

4.25 

5.17     4.95 

4.62 

4.32     5.6    , 

26 

3.97  '  6.52 

4.37     4.52 

4.6 

6.35 

11 

4.25 

5.05  '  5.02 

4.47 

4.45 

11.5    ' 

27 

8.92    6.02 

4.5      4.42 

4.57 

6.25 

12 

4.8 

:  4.H7  •  4.87 

4.4 

4.57 

9.72  1 

28 

-   3.85     5.87  \  4.72     4.45 

4.n 

6.0 

13 

'4.3 

,  4.72     4.9 

4.5 

4.6      7.35  ' 

29 

-   3.72     5.72  1  4.45     4.57    5.46 

7.55 

14 

,  4.2 

4.6      4.87 

4.62 

4.45     8.12  1  30 

4.87  21.87     31 

.    4.2      5.45 

4.42     4.47 

4.58 

11.65 

15 

3.85 

;  4.42    4.72 

4.57 

.   4.25     5.22 

4.6 



9.45 

16 

'  4.2 

1 

4.42 

4.75 

4.65 

4.43  15.2 

1 

1           1 

1 

1 

Mean  daily  gage  height  of  Esopus  Creek  at  Kingston,  N,  Y,,for  190S. 


Day. 


1.. 
2.. 

3-. 
4.. 

5. 
6.. 

7.. 
8- 
9.. 

10-. 

11.. 

12.. 

13.. 

14.. 

15.. 

16.. 


17 1    5.ri0  I 


18.. 

19. 

20. 

21. 

22. 

23. 

24. 

26. 

26. 

27., 

28.. 

29. 


-I 


30 
31 


7.82 


May. 

June. 

July. 

8.95 

4.85 

6.38 

8.18 

4.83 

6.19 

7.78 

4.76 

6.00 

7.70 

4.83 

6.40 

7.43 

4.70 

5.99 

7.11 

4.73 

6.19 

6.98 

4.65 

6.16 

6.74 

4.63 

6.08 

655 

4.63 

5.80 

6.40 

4.68 

5.58 

6.23 

4.58 

5.60 

6.10 

4.45 

5.34 

5.96 

4.53 

5.15 

5.88 

4.58 

5.06 

5.70 

4.40 

4.98 

5.70 

4.46 

4.99 

5.50 

4.78 

4.89 

5.33 

4.94 

4.80 

5.88 

4.63 

4.78 

5.39 

4.60 

6.88 

5.28 

4.81 

10.00 

5.13 

5.55 

9.60 

5.08 

5.13 

9.28 

5.00 

4.93 

8.88 

4.88 

4.81 

8.58 

5.20 

4.93 

8.68 

5.20 

5.15 

8.01 

5.58 

4.84 

7.75 

5.25 

4.81 

7.19 

5.03 

7.10 

7.68 

5.03 

7.35 

7.09 
7.96 
7.10 
6.90 
6.53 
7.08 
6.90 
8.43 
6.18 
5.88 
5.83 
6.25 
5.78 
5.58 
5.38 
5.80 
5.08 
5.10 
4.98 
4.98 
4.88 
4.85 
4.78 
4.65 
4.70 
4.65 
4.55 
4.65 
4.70 
4.80 
4.63 


Sept. 


4.45 

4.48 
4.43 
4.33 
4.38 
4.33 
4.88 
4.38 
4.38 
7.68 
6.00 
5.49 
5.53 
6.18 
5.85 
5.63 
5.30 
5.13 
5.08 
5.80 
6.88 
6.28 
5.88 
5.68 
6.68 
7.00 

10.35 

9.48 

622.43 

17.85 


Oct. 


13.38 
11.68 
10.10 
9.50 
8.60 
9.64 
8.68 
8.18 
7.86 
7.40 
7.15 
9.10 
8.47 
8.00 
7.60 
7.33 
7.15 
6.95 

6.  re 

6.73 
6.47 
6.30 
6.20 
6.13 
6.30 
6.87 
5.78 
7.83 
8.35 
7.75 
7.50 


Nov. 

7.28 
6.75 
5.83 
6.55 
6.55 
6.25 
6.47 
6.35 
6.18 
6.00 
7.86 
7.96 
5.86 
5.78 
5.73 
5.63 
5.80 
5.00 
6.54 
6.46 
5.45 

5.8e 

5.3i 

5.»* 
5.2» 
5.i0 
6.J0 
6.60 
610 
i.88 


Dec. 


5.911 
5.7I> 
6.19 
6.43 
6.33 
6.18 
6.35 
6.  a 
6.fi 
6.1U 
6J5 
6  95 
6  35 
6.40 
643 
fM 
U20 
1K.86 
ALOO 
9.96 
8.55 
15.6ri 
12.80 
10.40 
9.35 
8.70 
8.28 
8.  re 
9.10 
&97 
8.(6 


"  Highest  water  at  1.30  p.  m., 25.25. 


b  Highest  water  at  1.30  p.  m.,  18.80. 
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Mean  daily  gage  height  of  Rondout  Creek  of  Rosendale,  N.  Y,,for  1901. 


I     "  I 

Day.        July. I  Aug. '  Sept 


1 

2 

3 

4 

5... 

6 

7 

8 

9 

'  6.5 
1  6.4 

10 

11 

1        w.     • 

6.25 
6.2 

12 

6.25 

13 

6.8 

14 

6.33 

15 

6.3 

'  6.38 

r 

7.57 

5.5 

6.3 

6.25 

6.17 

6.35 

9.75 

7.35 

6.92 

6.62 

7.17 

7.42 

6.87 

6.55 

6.50 

6.52 


Sept. 

Oct. 

7.62 

7.26 

7.95 

6.85 

7.8 

6.95 

7.61 

6.8 

7.42 

6.7 

6.97 

6.68 

6.87 

6.55 

6.77 

6.55 

6.67 

6.52 

6.6 

6.45 

6.6 

6.42 

6.65 

6.42 

6.72 

6.5 

6.57 

7.25 

6.5 

7.72 

6.62 

7.37 

Nov.i  Dec* 


II 


Day. 


6.5 

6.5 

6.5 

6.45 

6.4 

6.4 

6.4 

6.4 

6.4 

6.4 

6.37 

6.46 

6.95 

6.8 

6.62 

6.6 


6.55 
6.4 
6.5 
6.85 


17 
18 
19 
20 


July. 

I      - 
6.3 
6.85 
6.55 
6.48 


Aug.  Sept.  0?t.  '  Nov.  Dec. 


6.87   I  21 ,  6.47 


6.85 
6.92 
7.0 
7.2 
9.2 
9.25 
8.22 
7.75 
8.97 
16.75 
10.6 


22 
23 
24 
25 
26 

2r 

28 
29 
30 
31 


6.37 

6.4 

6.35 

6.35 

6.3 

6.47 

6.42 

6.37 

6.67 

6.72 


6.5 

6.67 

7.1 

1  6.55 

8.95 

6.75 

7.05 

7.0 

.  6.55 

8.04 

7.0 

6.85 

6.9 

1  6.55 

7.77 

6.95 

6.65 

6.8 

6.5 

7.55 

8.75 

6.55 

6.72 

6.4 

7.55 

8.15 

6.52 

6.7 

1  6.35 

7.67 

7.6 

6.47 

6.7 

1  ^-^ 

7.96 

9.0 

6.42 

6.6 

6.5 

7.75 

9.4 

6.4 

6.6 

7.6 

7.22 

8.1 

6.35 

6.6 

7.25 

7.12 

7.47 

6.32 

6.6 

'  6.97 

7.0 

7.15 

6.3 

6.65 

6.87 

7.36 

6.95 

7.05 

6.6 

6.8 

9.1 

7.42 

7.41 

6.5 

6.8 

12.12 

6.72 

...... 

6.5 

10.0 

Mean  daily  gage  height  of  Rondout  Creek  at  Rosendale,  N,  Y.^for  1902. 


Day. 

Jan. 

9.73 
7.90 

Feb. 

Mar. 

Apr. 

8.18 
7.85 

May. 

June. 

6.58 
6.48 

July. 

Aug. 

7.70 
8.35 

Sept. 

6.25 
6.20 

Oct. 

10.06 
9.28 

Not. 

7.28 
7.06 

Dec. 

1 

8.98 
8.95 

17.20 
14.23 

8.25 
7.70 

7.08 
6.90 

6.78 

2 

6.70 

3 

7.90 
7.90 
7.90 
7. 8;] 

9.75 
9.35 
9.70 
9.25 

12.53 
9.75 
8.70 
8.05 

7.58 
7.58 
7.36 
7.25 

7.70 
7.75 
7.60 
7.33 

6.55 
6.63 
6.48 
6.40 

6.98 
7.70 
7.23 
7.13 

7.60 
7.28 
7.08 
7.25 

6.13 
6.15 
6.10 
6.18 

8.43 

7.90 
7.80 
8.78 

7.08 
7.00 
6.90 
6.87 

6.90 

4 

7.20 

5 

6.88 

6 

6.80 

0W 

i 

7.58 

9.00 

7.95 

7.60 

7.28 

6.48 

7.00 

7.83 

6.20 

8.00 

6.95 

6.96 

8 

7.28 

8.83 

7.66 

8.10 

7.15 

6.45 

6.88 

7.08 

6.20 

7.65 

6.85 

6.96 

9 

7.L3 

8.58 

9.40 

12.28 

7.08 

6.48 

6.85 

6.93 

6.23 

7.38 

6.80 

6.88 

10 

7.08 

8.05 

9.70 

11.40 

6.93 

6.38 

6.66 

6.83 

7.00 

7.18 

6.78 

7.10 

11 

7.10 

8.18 

9.30 

9.75 

6.88 

6.30 

6.58 

6.80 

6.68 

6.95 

6.73 

7.08 

12 

7.35 

8.05 

9.70 

9.15 

6.88 

6.35 

6.68 

6.1:0 

6.40 

9.76 

8.73 

7.00 

13 

6.95 

7.98 

11.06 

8.68 

6.83 

6.35 

6.60 

6.80 

6.45 

8.65 

6.r3 

6.96 

14 

6.73 

7.88 

10.15 

8.15 

6.68 

6.38 

6.45 

6.70 

6.68 

8.00 

6.70 

7.16 

15 

6.83 

7.80 

9.15 

7.85 

Q.m 

6.35 

6.35 

6.55 

6.48 

7.57 

6.70 

7.60 

16 

6.90 

7.65 

8.80 

7.65 

6.70 

6.a5 

6.40 

6.58 

6.35 

7.35 

6.70 

8.36 

17 

6.78 

7.53 

13.10 

7.50 

6.60 

6.50 

6.33 

6.50 

6.25 

7.23 

6.65 

12.96 

18 

6.70 
6.78 
6.70 
6.73 

7.60 
7.35 
7.43 
7.43 

9.95 
8.65 
8.25 

8.08 

7.38 
7.26 
7.18 
7.10 

6.63 
6.60 
6.60 
6.68 

6.45 
6.30 
6.43 
6.43 

6.30 
6.33 
7.63 
8.93 

6.45 
6.40 
6.40 
6.38 

0.30 
6.18 
6.25 
6.50 

7.07 
7.07 
7.00 
6.ft5 

6.65 
6.68 
6.R5 
6.&') 

10.00 

19 

8.80 

20 

8.30 

21... 

8.35 

22 

14.68 
983 

8.a5 

7.85 

7.40 
7.43 
7.48 
7.55 

8.00 
7.88 
7.80 
7.63 

7.05 
7.00 
6.90 

6.88 

6.60 
6.48 
6.46 
6.40 

7.10 
6.70 
6.50 
6.40 

9.18 

8.38 

«9.94 

10.34 

6.48 
6.40 
6.40 
6.33 

6.40 
6.23 
6.25 
6.45 

6.90 
6.80 
6.80 
6.80 

6.  m 
6.60 
6.60 
6.55 

18.45 

23 

10.58 

24 

9.55 

25 

8.50 

28 

7.68 
7.75 

8.2:^ 
10.68 
12.10 

7.45 
7.38 
7.33 

6.98 
6.95 
6.83 

6.80 
6.88 
7.20 

6.4;3 
6.50 

6.4:} 

8.95 

8.23 
7.80 

6.30 
6.28 
6.25 

9.40 
9.75 

8.68 

6.73 
6.89 
9.38 

6.70 
6. 75 
6.90 

8.10 

27 

8.87 

'd» 

7.45 

29 

8.00 
8.18 

8.60 

1 

9.85 
9.63 

8.63 

6.78 

9.:« 

6.85 
6.60 

6.45 
7.70 

7.38 
7.80 
7.33 

6.33 
6.30 
6.30 

''14.09 
10. 7S 



8.60 
l.Sii 
7.45 

6.88 
6.80 

7.27 

30 

7.20 

31 

7.20 

a  Highest  water,  12.65,  at  7  p.  m. 


&  Highest  water,  15.6,  at  3  p.  m. 
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Estimated  dir>erftion  from  Rondout  Creek  to  Delaware  and  Hudson  Canal,  Rotten- 
dale,  N,  F.,  190£,  in  aeeond-feet. 


Day. 


Jan.     Feb.     Mar.  {  Apr.  '  May.  <  Jane.  July.    Aug.    Sept.     Oct.  t  Kov.   Dec 


1 

s 

3 

4 1 

15.5 
17.7 
21.5 
22.0 
17.9 


22.6 

--•"--- 

24.2 

15.0 

25.2 

23.8 

24.6 

20.8 
11.6 

28.1 

26.3 
19.5 
21.8 


26.0 
26.6 


26.3 
22.5 
24.8 
26.3 

26.8 


22.6 
22.4 
26.1 
26.8 


22.5 


21.0 
23.5 
21.5 
28.3 
24.2 
24.8 


24.3 

28.8   

21.8 

22.1  1 

25.1 

22.2 

20.4    

20.6    

26.5 

20.6   

86.6 

19.6   

26.8 

19.5   

28.3 

19.7    

24.8 

Mean  daily  gage  height  of  Wallkill  River  at  New  Paltz,  N,  Y.,for  1901. 


Day. 

July. 

Aug. 

6.10 
5.90 
6.97 
6.00 
6.45 
6.45 
12.05 
11.25 
9.30 
9.15 
9.10 
8.06 
7.70 
7.16 
7.40 
7.10 

Sept. 

Oct. 

Nov.  Dec. 

1 

Day. 

Jtdy. 

Aug. 

Sept. 

1 
Oct.  Not. 

Der. 

1 

9.20 
9.85 
9.75 
9.35 
8.55 
8.35 
8.05 
7.70 
7.47 
7.45 
7.26 
7.06 
7.15 
6.95 
6.65 
6.75 

7.45 
7.25 
7.15 
7.00 
6.95 
6.86 
6.65 
6.47 
6.85 
6.30 
6.30 
6.20 
6.20 
6.35 
7.50 
7.85 

6.00    6.26 
6.00     6.05 
6.00     6.00 
6.00  ,  6.80 
6.05    6.36 
6.10    6.66 
6.00  ^  6.60 

5.95  7.80 
5.85  10.00 
5.75  |12.80 
5.65  11.70  ' 

5.96  40.30 
6.40  '10.06 
7.00  10.80 
6.90  ,18.80 
6.55   12.85 

1 

17 

6.37 
7.16 
7.98 
7.20 
6.60 
6.36 
6.26 
6.05 
6.00 
600 
5.86 
5.86 
5.86 
6.80 
6.96 

6.75 
9.25 

7.06 

7.62 

7.50  1  6.26 
7.27     6.06 
7. 15  ;  6.  IJi  ' 
6.96  ;  6.86 
6.70     7.80 
6.45     a  10 
682     8.B6 
6.80     8.86 
620     8.10 
6.12     7.4S 
6.10  :  6.95 
6.10     6.8S 

laio 

2 

18 

ISLflft 

3 

19 

11.16     7.66 
10.16     7.45 
10.26  '  7.80 
10.26     7.10 
10.15    6.96 
9.70    6.82 
14.80    6.65 
12.00    6.50 
11.25    6.85 
10.60  •  6.86 

l&TS 

4 

5 

6 

7.27 
7.23 
6.98 
6.65 
6.5:) 
7.33 
7.60 
7.15 
6.85 
6.65 

20 

21 

,  28 

12.96 
11.70 

ia;u 

7 

8 

1           

28.     

,  24 

10.45 

iai5 

9.. 

1  *" 

25 

9LS& 

10 

26 

9.00 

11 

1  27 

9.S> 

12  . 

,  28 

9  ;d 

13..  . 

29 

9.90 
9.15 

6.65 
7.26 

610 
610 
6.60 

6.6& 
6.45 

11.80 

14 

80 

19.86 

15 

1 
31 

1 

i  19.0 

16 

1 

1 

PRBSfiEY.] 


GAGE    HEIGHTS. 


91 


Mean  daily  gage  height  of  Wallkill  River  at  New  Paltz,  N.  Y.,  for  1902. 


Day. 

Jan. 
15.15 

Feb. 
8.75 

Mar. 
23.53 

Apr. 
9.35 

May. 
10.25 

June. 
7.50 

July. 
7.25 

Aug. 

Sept. 
6.10 

Oct. 
10.25 

Nov. 
8.65 

Dec. 

1 

9.50 

6.80 

2 

13.25 
12.95 

8.75 
10.ft5 

23.80 
024.65 

8.95 
8.65 

8.96 
9.15 

7.25 
7.05 

7.15 
7.50 

9.10 
8.75 

6.05 
6.00 

10.86 
10.15 

8.35 
8.15 

6.70 

3 

7.60 

4 

12.10 
10.45 

9.70 
9.75 

22.75 
20.25 

8.20 
8.00 

8.85 
8.35 

6.90 
6.55 

7.58 
7.08 

8.60 
8.30 

5.88 
5.78 

9.65 
9.00 

7.C5 
7.65 

7.95 

5 

8.10 

6 

10.70 

10.20 

8.70 

9.15 

8.90 
8.15 
7.a5 

7.78 

16.20 
13.20 
12.70 
14.90 

9.70 

7.70 

8.40 

&13.65 

7.95 
7.50 
7.45 
7.36 

6.35 
6.30 
6.25 
6.30 

6.78 
6.53 
6.35 
6.23 

7.95 
7.85 
7.65 
7.30 

5.70 
5.60 
5.50 
5.60 

10.10 
9.45 
9.00 
8.56 

7.50 
7.50 
7.66 
7.15 

8.65 

1 

8.10 

8 

7.70 

9 

7.70 

10 

8.85 

7.70 

16.45 

13.50 

7.10 

6.50 

6.10 

7.06 

6.10 

8.40 

0.95 

7.65 

11 

8.75 
8.20 

7.55 
7.65 

15.90 
16.10 

12.20 
11.66 

6.80 
6.65 

6.35 
6.30 

6.00 
6.00 

6.90 
6.80 

6.45 
6.30 

8.25 
12.45 

6.75 
6.70 

7.00 

12 

7.60 

13 

8.05 

7.40 

17.05 

10.66 

6.00 

6.20 

5.90 

6.75 

6.35 

11.90 

6.60 

7.65 

14 

8.05 

7.35 

16.60 

9.80 

6.55 

6.15 

5.78 

6.68 

6.45 

10.50 

6.60 

7.60 

15 

8.00 

7.15 

15.00 

9.35 

6.50 

6.10 

5.70 

6.00 

6.25 

9.70 

6.00 

7.50 

16 

8.00 

7.10 

14.65 

8.66 

6.45 

6.20 

5.70 

6.63 

6.15 

9.35 

6.50 

7.60 

17 

7.70 

7.20 

15.40 

8.20 

6.36 

6.25 

5.73 

6.43 

6.05 

9.00 

6.50 

12.20 

18 

7.55 

7.15 

18.76 

8.00 

6.30 

6.15 

5.58 

6.38 

5.95 

8.00 

6.60 

12.26 

19 

7.50 

7.0B     11.75 

7.86 

6.30 

6.13 

5.65 

7.28 

5.80 

8.60 

6.60 

12.30 

ao 

7.20 
7.20 

7.00 

10.60 

7.80 
7.45 

6.30 
6.30 

6.10 
6.13 

6.10 
7.78 

6.20 
6.15 

5.90 
5.90 

8.15 
7.96 

6.60 
6.40 

12.30 

21 

7.05     10.30 

12.96 

22 

18.50 

7.05     10.20 

7.86 

6.30 

6.33 

8.65 

6.10 

5.90 

7.66 

6.40 

19.00 

23 

17.  C5 

7.10 

9.75 

7.15 

6.25 

6.40 

7.40 

6.05 

5.90 

7.47 

6.65 

19.65 

24 

13.55 

7.25 

9.60 

7.10 

6.20 

6.35 

oil. 00 

6.10 

5.90 

7.37 

0.30 

17.20 

25 

13.15 

7.30 

9.45 

6.95 

6.20 

6.20 

dl4.no 

6.05 

6.15 

7.15 

0.30 

16.25 

26 

12.20 
12.85 
12.65 
11.15 
9.50 
9.25 

r  24.80  a 

7.75      9.00 
11.40      8.50 

6.85 
7.00 
6.75 
6.65 
«11.75 

lighest 

6.45 
8.30 
9.20 
8.40 
8.30 
7.90 

water 

6.20 
6.10 
6.03 
6.13 
7.00 

15.4  at 

9.10 
8.50 
7.80 
7.45 
7.45 
8.45 

8  p.m. 

6.00 
6.00 
6.95 
8.25 
6.ft5 
6.40 

9.65 
12.00 
11.90 
13.45 
10.36 

[ighest 

6.95 
6.86 
11.65 
11.25 
9.46 
8.96 

6.85 
7.85 
7.35 
7.10 
6.95 

15.30 

27--.. 

14.20 

28 

12.75 

8.20 
10.20 
11.05 

9.90 

14.20 

29 

13.80 

30 

12.30 

31 

11.75 

a  Highest  watei 

^tp.m.         <^I 

water 

12.6  at] 

3.  m. 

b  HiKhest  watei 

■14.6ai 

tp.  m. 

dE 

[ighest 

water 

16.6  at 

9  p.m. 

Mean  daily  gage  height  of  Fishkill  Creek  at  Glenham,  N.  Y.^for  1901, 


Day. 

July. 

1 
Aug.  Sept. 

Oct. 

Nov. 

Dec. 

Day. 

July. 
3,73 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 



3.95  '  4.57 

4.05 

3,97 

3.90 

17 

3.85 

4.15 

4.56 

3.96 

6.18 

2 

3.82     4.60 
3.77  ■  4.47 

3.97 
4.10 

3.95 
3.96 

3.1:8 
4.05 

18 

4.23 

4.00 

5.07  1  4.22 
4. 70     4. 12 

4.40 
4.32 

3.95 
3.95 

5.63 

3 

19 

5.15 

4 

3.67     4.42 

4.10 
4.00 
3.92 
3.90 
3.87 
3.a5 

3.95 

4  HK  1 

20 

21 

22 

2;^ 

24 

25 

3.80 
3.77 
3.70 

3.G5 
3.  £5 

4.40     4.02 
4.45     4.02 
4.95  ,  4.00 
4.62     3.92 
4.70  1  3.90 
C.40     3.87 

4.22 

4.20 
4.15 
4.12 
4.10 
4.05 

3.95 
3.93 
3.93 
3.90 
3.90 
4.35 

4.98 

5 

3.65  '  4.30 

3,90    4  10 

4.78 

6 

3.65     4.15 
4.70     4.17 
5,55     4.10 
4.77     4.07 

3.90 

4.25  1 

4.73 

7 

3.92  '  4.28 

4.73 

8 

3.90 
3.90 

3.95 
3.90 

4,18 
4.(K 

4.55 

9 

4.60 

10 

3.80 

4.35     4.02 

3.85 

3.87 

4.73 

26 

3-C2 

C.55  1  3.85 

4.00 

4.38 

4.55 

11 

3.78 

4.12     4.05 

3.85 

3.87 

5.33 

27 

3.eo 

5.05     3.80 

4.a) 

4.13 

4.85 

12 

3.8:} 

4.07  !  4.37 

3.80 

3.92 

4.83 

2.; 

3.45 

5.20  1  3.87 

4.00 

4.03 

4.16 

13 

3.80 

4.02     4.32 

3.80 

4.32     4.60 

i:9 

3.57 

4.85     3.95 

4.00 

4,00 

5.75 

14 

3.73 
3.70 
8,65 

3.  to  ,  4.15 
3. 90  i  4. 10 

3.82     4.25 

1 

4.30 
4.85 
4.82 

4.17 
4.06 
4.00 

4.68 
6.78 
7.45  ' 

30 

^ 

4.35 
4.15 

4.70     4.20 
4.57  1 

1 

4.00 
3.97 

3.98 

8.28 

15    

7.60 

16 
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[xo.  7ft 


Mean  d< 

lily  yc 

Jan. 
6.05 

ige  height  o 

/  Fwhkill  Creek, 

at  Olenham 

t,  iV.  1 

\,fiyr 

1902. 

Day. 

F«»b. 
5.00 

Mar. 

Apr. 

May. 

Jnne. 
8.88 

July. 
8.70 

Aii«. 

aso 

Sept. 
2.90 

(Vt. 

Nov. 

Dec. 

1 

13.00      4.90 

5.48 

4.25 

4.40 

aTO 

2 

5.65 

4.75 

10.00      4.78 

4.98 

3.70 

8.53 

a  70 

2.80 

4.20 

4.33 

ars 

3 

5.30 

5.63 

8.78       4.68 

4.70 

3.60 

3.46 

aoo 

2.96 

4.00 

4.» 

z.^ 

4. 

5.  at) 

5.55 

6.70      4.60 

4.73 

3.70 

8.85 

a  60 

2.73 

a83 

4.15 

4.03 

5 

5.18 

6.58 

5.80      4.53 

4.63 

8.70 

8.60 

a  60 

2.90 

ass 

4.06 

a98 

6 

4.95 

5.28 

4.95       4.45 

4.46 

3.65 

8.70 

a  43 

2.95 

4.80 

4.08 

a7» 

4.80 

5.25 

5.05      4.53 

4.S5 

8.60 

3.70 

a  48 

2.90 

4.20 

4.00 

a  711 

H.. 

4.70 

5.00 

5.15       4.63 

4.30 

8.86 

8.55 

a  40 

2.95 

a  83 

4.00 

&89 

9                 .     . 

4.65 

5. 18 

5.90      5.13 

4.20 

3.86 

3.45 

a  40 

aoo 

a6& 

asB  i 

ass 

10- 

4.63 

5.05 

7.76      5.65 

4.10 

3.76 

8.38 

a  30 

3.33 

a  78 

a90 

4.06 

11 

4.60 

4.75 

6.95  1    5.53 

8.90 

3.00 

3.40 

a  50 

a  25 

aTo 

3.88  ; 

aes 

12-       . 

4.58 

4.80 

6.50  ,    6.28 

8.96 

3.50 

3.80 

a  85 

a  08 

4.95 

a88  1 

a90 

13 

4.75 

4.60 

6.70      5.06 

3.95 

3.40 

3.23 

3.65 

a  30 

6.(B 

a88  : 

4.06 

14 

5.00 

4.40 

6.63      4.90 

8.90 

3.43 

3.20 

a  48 

a  23 

4.08 

ass 

4.10 

15 

4.70 

4.33 

5.98      4.80 

8.90 

3.50 

8.18 

a  40 

a  20 

4.35 

a80 

4.30 

18 

4.35 

4.25 

6.65       4.70 

3.90 

8.50 

a  18 

a  86 

a  16 

4.20 

ass 

4.40 

17 

4.28 

4.48 

6.73      4.60 

3.80 

3.96 

8.10 

a  28 

a  16 

4.80 

aao 

6.85 

18 

4.25  . 
4.25 

4.38 
4.33 

6.45  .    4.68 
5.70      4.60 

8.70 
3.75 

3.70 
3.60 

a  10 

a  08 

a20 
a20 

a  18 
aoo 

4.00 
4.00 

aTo 
aTO 

7.65 

19 

aso 

20 

4.18 

4.35 

,    5.20      4.40 

3.80 

3.63 

a20 

a  16 

a  05 

a  95 

aes 

5.98 

21 

4.18 

4.38 

5.:«)  >    4.35 

3.83 

3.60 

4.15 

a  10 

aos 

a90 

a68 

as> 

22 

5.88 

4.85 

6.2!)      4.30 

8.68 

3.75 

4.70 

a  16 

a  15 

a  80 

aoo 

7.73 

23 

6.55  ■ 

4.85 

5.13       4.28 

a68 

3.00 

4.66 

a  10 

aos 

aso 

aao 

8.06 

24 

5.15 

4.90 

5.00  1    4.15 

8.60 

3.50 

4.10 

a  10 

a  13 

a  70 

a63 

7.00 

25 

4.75 

4.70 

4.86      4.05 

3.00 

3.40 

4.18 

a  15 

2.95 

a  75 

aos 

5.95 

86 

4.63 

4.85 

4.75      4.05 

4.20 

3.60 

4.10 

a  06 

a  48 

a  78 

aos 

5. 01) 

27 

5.00 

5.88 

4.70  1    4.13 

4.15 

3.40 

4.05 

aoo 

aoo 

aTo 

aii5 

5.40 

28 

5.00  ' 

7.10 

4.55      4.08 

4.68 

3.80 

a  90 

aoo 

aoo 

4.65 

8.88 

5.06 

29 

4.95 

4.85       4.00 

4.23 

3.35 

aso 

2.95 

4.80 

5.43 

aoo 

4.93 

30 

5.05 

5.40      4.83 

4.08 

4.08 

4.20 

2.96 

4.75 

4.93 

aTO 

4.90 

31 

4.«) 

5.06    

3.90^ 

a  96 

2.90 

4.56 

4.77 

Mean  daily  gage  height  of  Tenmile  River  at  Dover  Plains,  N.  Y.,for  1901. 


Day. 

'   Sept.       ^H-t. 
">.(fcJ 

Nov. 
4.95 

Dec.    ' 

Day. 
Il7 

!  Sept. 

Oct. 

Nov. 

1 

Dec. 

1 

4.65 

..1      5.00 

6.17 

ao6 

ai5 

2 

4.H0 

4.90 

4.67 

18 

...       6.30 

5.87 

5.90 

7.  as 

3 

:>.(10 

4.90 

4.95 

19 

...       5.00 

6.68 

4.87  ' 

a86 

4 

:>.()() 

4.85 

5.60 

20 

....      4.86 

5.60 

4.87 

6.35 

5 

4.S7 

4.87 

6.06  , 

21 

...       4.80 

5.47 

4.%  ' 

OlS 

6 

4.85 

4.87 

5.40 

22 

.1      4.80 

5.40 

4,79 

5.75 

7 

4.75 

4.85 

5.02 

23 

4.70 

5.35 

4.76 

5.e 

8 

4.65 

4.80 

4.80  ' 

1  24 

...       4.00 

6.27 

4.75 

5l90 

9 

4.66 

4.  1 1 

4.77  . 

1  25 

..       4.57 

5.80 

5.80 

5.95 

10 

4.65 

4.75 

6.35 

i» 

...       4.60 

5.00 

6.10 

a4i> 

11 

4.6ij 

4.67 

6.72 

27 

..       4.66 

5.02 

4.90  1 

ft.  47 

12 

4.65 

4.97 

6.35  1 

28 

..       4.37 

5.05 

4.96 

6.Sl^ 

13 

4.57 

5.90 

6.12 

29 

...       4.77 

4.97 

4.85 

lO.Tli 

14 

6.27 

5.50 

6.47 

,  m 

...       6.60 

4.95 

4.« 

12.  a» 

15 

..' 6.82 

5.27 

11.17 

31 

1 

4.92 

10.22 

16 

,      6.42 

5. 10 

9.60 

1 

1 
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Mean  daily  ga^/e  height  of  Tenmile  River  at  Dover  Plains,  N.  Y. ,  for  190:2. 


Day. 

1  , 
Jaa. 

7.70 

Feb. 

Mar. 

Apr. 

May. 

June. 

Jtdy. 

An«:.    Sept. 
5.10      a90 

Oct. 

Not. 

J-/OC* 

1.: 

6.40 

14.16 

6.60 

6.96 

4.56 

4.45 

5.78 

5.75 

4.45 

2 

7.00 

6.10 

14.10 

6.46 

6.95 

4.50 

4.26 

4.88 

3.83 

5.86 

5.60 

4.48 

3 

6.95 

6.96 

all.  43 

6.25 

6.50 

4.40 

4.35 

4.65 

3.80 

5.43 

5.4;^ 

4.80 

4 

6.10 

6.06 

8.35 

5.98 

6.20 

4.55 

5.53 

4.63 

3.90 

5.10 

5.33 

4.90 

0 

6.06 

5.50 

6.95 

6.80 

6.05 

4.48 

4.38 

4.53 

3.83 

^    5.30 

5.30 

4.78 

6 

6.15 

5.35 

5.90 

6.90 

5.90 

4.85 

4.60 

4.43 

3.80 

5.85 

5.25 

4.78 

1 

6.10 

5.10 

6.25 

6.13 

5.75 

4.25 

4.63 

4.65 

3.85 

5.38 

5.10 

4.80 

8 

5.80 

5.10 

6.25 

6.40 

5.65 

4.48 

4.33 

4.60 

8.88 

5.13 

5.08 

4.86 

9 

5.65 
5.55 
5.60 
5.55 
5.38 

4.95 
4.90 
6.10 
6.10 
4.80 

8.90 
10.60 
9.16 
8.  TO 
9.10 

6.80 
7.60 
7.10 
6.00 
6.80 

5.36 
6.23 
4.96 

4.86 
4.86 

4.55 
4.48 
4.30 
4.20 
4.76 

4.38 
4.23 
4.20 
4.10 
4.15 

4.45 
4.43 
6.68 
6.03 
5.95 

8.95 
4.23 
3.95 
3.90 
4.10 

4.90 
4.83 
5.00 
6.10 
6.93 

5.00 
4.96 
4.83 

4.78 
4.83 

5.18 

10 

5.06 

11 

4.85 

12 

4.80 

13 

4.80 

14 

5.25 

6.75 

8.40 

6.15 

4.80 

4.70 

8.90 

4.78 

4.23 

6.87 

4.80 

4.98 

15 ... 

5.25 

5.25 

7.  TO 

6.10 

4.80 

4.35 

3.88 

4.68 

4.13 

5.68 

4.88 

5.08 

16 

4.98 

6.15 

7.90 

5.90 

4.75 

4.45 

4.30 

4.23 

4.08 

5.48 

4.73 

6.15 

17 

4.65 

5.06 

8.15 

5.88 

4.65 

4.65 

4.18 

4.18 

8.88 

6.26 

4.65 

10.47 

18 

5.06 
5.10 
6.06 
5.05 

5.05 
5.00 
4.86 
4.75 

7.60 
6.66 
6.13 
6.10 

6.68 
5.58 
5.45 
6.35 

4.60 
4.65 

4.68 
4.58 

4.45 

4.28 
4.15 
4.40 

3.88 
4.08 
4.65 
6.98 

4.15 
4.15 
4.18 
4.25 

3.88 
4.03 
4.28 
4.33 

5.15 
5.27 
5.20 
4.90 



4.60 
4.53 
4.55 

9.18 

19 

8.28 

20 

7.  TO 

21 

7.74 

22 

11.95 

4.68 

6.15 

5.23 

4.50 

4.60 

7.15 

4.23 

4.13 

4.80 

4.58 

11.60 

23 

8.10 

4.40 

6.20 

5.13 

4.40 

4.38 

6.85 

4.10 

4.15 

4.75 

4.66 

10.65 

24 

6.35 

4.50 

6.25 

5.08 

4.80 

4.33 

5.75 

4.06 

4.  OH 

4.73 

4.53 

8.58 

25 

5.80 

4.65 

6.06 

4.96 

4.80 

4.15 

5.68 

4.08 

4.05 

4.65 

4.58 

7.95 

26 

5.70 

6.83 

6.90 

4.95 

6.06 

4.10 

5.60 

8.98 

4.08 

4.55 

4.70 

7.48 

27 

7.80 

8.45 

5.86 

5.30 

5.30 

4.06 

5.80 

3.93 

4.65 

4.60 

4.98 

7.06 

28 

7.45 
6.56 
6.25 

9.73 

7.43 
7.60 
7.30 

6.25 
5.80 
7.00 

5.50 
6.18 
4.80 

4.a> 
4.10 
4.70 

5.40 
5.25 
5.65 

3.85 
8.83 
8.80 

6.50 
7.75 
5.98 

7.05 
7.10 
6.37 

4.78 
4.66 
4.33 

29 

30     -  

31 

5.60 

6.90 

4.70 

5.25 

3.85 

6.00 

a  Readings  on  new  gage  from  this  date,  datum  0.33  above  former  gage. 
Daily  gage  height  of  Housatonic  River  at  Oaylordsville,  Conn,,  for  1900, 


Day. 

Oct. 

Nov. 

uec.   1 

Day. 

Oct. 

1 
Nov. 

Jjec. 

1 

8.2 
3.1 
8.1 
2.9 
3.0 

4.9 

4.6 

4.3  1 

4.2 

5.6  ^ 

5.8 

5.4 

5.1 

4.9 

4.5 

4.2 

4.2 

4.2  1 

4.3 

1 

1 

17 

'       3.6 
3.5 
3.6 
3.7 
4.1 
4.0 
8.9 
8.9 
8.8 
4.6 
5.5 
5.4 
5.1 
4.9 

2 

3 

4 

6 

18 

19 

20 

21 

22 

23 

24 

25 - 

26 

27 



2.9 
3.1 
3.2 
3.1 
3.1 
3.1 
3.1 
3.0 



6 - 

2.9 

7 

2.8 
3.2 
3.5 
4.1 
8.9 
8.7 
3.6 
3.7 
3.7 
3.7 

4.8 

8 



6.1 

9 

4.8 

10 

4.2 

11 

4.1 

12 

28 

29 

30 

81 1 

4.2 

13 

4.0 

14 

8.9 

15 

4.2 

16 

•^ J. ... ................1 
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Daily  gage  height  of  Housatonic  River  at  Gaylordsville,  Conn,,  far  19(n. 


.     Day. 

Jan. 

Feb. 
8.20 

Mar. 

Apr. 
6.80 

May. 

June, 
a  20 

July, 
a  60 

Aug. 

Sept. 
4.30 

Oct. 

Nov.    Dec 

1 

..     4.40 

a  80 

a  20 

a60 

4.30 

4.00     4.CII 

2 

.-     4.00 

3.30 
3.30 

a50 
a60 

a  30 
5.30 

a2o 
a  40 

a  00 
a  70 

a  50 

a  80 

a70 
a  50 

4.40 
4.70, 

4.20 
4.60 

4.20      4.10 

8 

..      (a) 

4.00      4.4) 

4 

..      (a) 

3.80 

a6o 

a  10 

a  30 

a  60 

a  90 

a4o 

4.60 

4.60 

a  80      4.10 

5 

..      («) 

3.10 

4.10 

a  60 

a  00 

a  50 

a7o 

a  30 

4.60 

4.40 

aTO    tai 

6 

-.     4.60 

8.00 

a90 

a  60 

a  60 

a  20 

4.00 

a  30 

4.40 

4.20 

4.10      iAt 

7 

.-     4.S0 

3.40 

a90 

7.80 

a  50 

a  20 

4.00 

a  90 

4.40 

4.00 

a  80     3.«» 

8 

..     4.40 

3.60 

a60 

a  30 

a  30 

a  60 

a80 

4.80 

4.40 

a  90 

a80    a^t 

9 

-.     4.20 

3.40 

a60 

a  00 

a2o 

a  60 

a80 

4.40 

4.00 

4.00 

a80      391 

10 

..     4.40 

3.70 
3.60 

7.60 

a  20 

7.80 
7.20 

a  20 
a7D 

a  40 

a2o 

a80 
a  90 

4.10 
4.00 

a  90 
4.00 

4.00 
a80 

aw    5.* 

11 

..     4.10 

aso    5..1D 

12 

4.70 

3.30 
3.40 

7.50 

a  00 

a  70 
a  60 

6.80 

a  10 

4.90 
4.80 

4.00 
4.00 

a  90 
a  70 

4.20 
4.0D 

a  80 
a80 

a  60    .\«) 

18 

..     4.00 

4.80     5:»« 

14 

..     8.60 

a70 
3.60 
a40 

6.50 
5.60 
5.60 

a  10 
a  90 
a  90 

a  00 
a  60 
a  60 

4.60 

a  20 

4.70 

^.90 

a  60 
a60 

a70 
a  00 
a70 

4.00  . 

4.00 

4.10 

a  20 
aTO 

6.00 

4.90  1    5.  Hi 

15 

..     8.70 

4.70      ?<.» 

18 

..     3.80 

4.60      8.SI 

17 

..     4.40 

3.40 
3.40 

4.60 
4.60 

a  60 
a  30 

a  80 
a  30 

4.60 
4.20 

a70 
a  60 

a60 
a  70 

4.10 
4.70 

a  80 
a30 

4.51)    :-«' 

18 

..     4.00 

4.40  '    7.:i' 

19... 

-.     8.50 

3.20 

4.80 

a  20 

a  80 

4.30 

a60 

4.00 

4.50  , 

a  10 

4.20  ,  a««i 

20 

..     3.40 

aso 

4.80 

a  20 

a  20 

4.20 

a  60 

a  80 

4.40 

4.90 

4.30      6.10 

21 

3.80 

8.40 

a6o 

10.00 
a  70 

7.30 
9.30 

a  20 
a  80 

4.10 
4.00 

aoo 
a  60 

4.10 
4.70 

4.20  , 
4.20 

4.80 
4.60 

4.20      5.0* 

& 

..     8.60 

4.20      5.H' 

28 

--     3.70 

a  40 

7.40 

a  40 

a  80 

4.30 

a  40 

4.80 

4.00 

4.60 

4.10'    4.*- 

24 

..     8.60 

a  20 
a  30 

7.10 
6.60 

a  50 
a  80 

a  00 
a  80 

4.70 
4.60 

a6o 
a  60 

4.80 

a  80 

a80 
a90 

4.40 
4.30 

4.20      nd* 

26 

-.     3.80 

4.60      o.» 

26 

-.     8.70 

a  00 

6.60 

7.85 

a  70 

4.30 

a  50 

a  70 

a80 

4.30 

4.80      5-«i' 

27 

..     8.80 

a  40 

7.20 

7.20 

a  80 

4.20 

a  60 

a  70 

a80 

4.20 

4.50      5-* 

28 

..     3.70 

a  30 

a  90 

a  90 

a  80 

4.00 

a  50 

a  20 

a80 

4.00 

4.00      5.1" 

28 

..     8.50 

6.60 

7.00 

a90 

4.00 

a6o 

4.80 

a90 

4.00 

4.00  •  a3> 

30 

..     8.50 

a  20 

a  40 

a  80 

aso 

a  40 

4.60 

4.40 

4.30 

4.20      »« 

81 

..,    8.40 

1 

5.80 

a  60 

fOn. 

a  70 

4.40 

4.10 

;  :•»' 

aProa 
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Mean  daily  gage  height  of  Housatonic  River  at  Gaylordsville,  Conn. .  for  1902, 


Day. 


Jan. 


1.. 

2... 

3... 

4... 

5.. 

6... 

7... 

8... 

9... 
10.. 
U... 
12... 
18.., 
14... 
15... 
16... 
17... 
18... 
19... 
20... 
21... 
22... 
28... 
24... 
26... 
26... 
27... 
28... 
29... 
30.. 
31.. 


7.10 
6.60 
5.90 
5.30 
5.20 
5.30 
5. 3D 
5.20 
5.30 
5.10 
5.00 
4.90 
4.70 
4.30 
4.50 
4.50 
4.30 
4.20 
4.40 
4.20 
4.50 
8.50 
6.80 
6.30 
5.80 
5.00 
5.90 
5.70 
5.30 
4.90 
4.90 


Feb.     Mar. 


4.90 
4.90 
5.40 
4.90 
4.80 
4.60 
4.50 
4.40 
8.50 
6.80 
7.00 
8.00 
8.80 
8.80 
8.00 
7.10 
6.80 
7.00 
7.60 
7.30 
7.20 
7.90 
6.80 
6.60 
6.80 
7.00 
10.60 
9.00 


14.30 
10.80 
9.90 
10.20 
7.80 
6.80 
6.60 
6.80 
6.80 
7.60 
2.20 
7.70 
7.80 
8.00 
7.90 
7.70 
7.90 
7.60 
7.30 
7.00 
6.00 
6.60 
6.10 
5.90 
6.00 
6.00 
5.90 
5.90 
6.70 
6.70 
6.70 


Apr. 

May. 

6.80 

June. 
4.70 

July. 

6.80 

4.80 

6.60 

6.30 

4.40 

4.60 

6.80 

6.10 

4.40 

4.40 

5.80 

5.90 

4.60 

4.70 

5.80 

5.60 

4.90 

4.60 

5.50 

5.50 

4.80 

4.60 

5.60 

5.60 

4.00 

4.80 

5.70 

5.30 

4.60 

5.00 

6.10 

5.20 

4.40 

4.70 

6.80 

4.90 

4.00 

4.50 

6.90 

5.00 

4.50 

4.40 

6.80 

4.90 

4.50 

4.30 

6.80 

4.90 

4.40 

4.20 

6.70 

4.80 

4.70 

4.00 

6.20 

4.70 

4.60 

3.90 

5.90 

4.60 

4.30 

4.10 

5.80 

4.00 

4.50 

4.20 

5.60 

4.50 

4.40 

3.90 

6.60 

4.40 

4.40 

3.80 

5.60 

4.30 

4.40 

4.65 

5.20 

4.60 

4.30 

6.00 

6.20 

4.40 

4.70 

6.60 

5.10 

4.30 

4.50 

6.00 

5.10 

4.10 

4.30 

5.70 

6.00 

4.20 

4.30 

5.60 

4.90 

4.60 

4.30 

5.80 

5.00 

4.60 

4.20 

4.95 

5.10 

5.30 

4.20 

4.85 

5.10 

5.20 

4.10 

5.65 

6.20 

5.00 

4.30 

5.45 

4.70 

5.40 

4.80 
4.66 
4.65 
4.45 
4.30 
4.40 
4.60 
4.66 
4.65 
4.45 
4.50 
5.15 
5.00 
4.70 
4.50 
4.35 
4.20 
4.00 
3.80 
4.05 
8.95 
4.05 
4.10 
4.10 
3.95 
3.95 
3.95 
3.95 
8.90 
3.90 
3.70 


3.80 
8.55 
3.50 
3.60 
8.65 
3.55 
8.65 
3.50 
a55 
4.00 
4.00 
3.90 
3.86 
4.10 
4.00 
3.00 
3.70 
3.75 
3.80 
3.85 
4.05 
3.75 
8.60 
8.70 
8.65 
3.85 
4.20 
4.60 
6.30 
6.00 


Oc-t. 

5.50 
5.50 
5.25 
5.15 
5.00 
5.15 
5.00 

4.a> 

4.70 
4.65 
4.40 
5.30 
5.30 
5.10 
5.00 
4.80 
4.  iii 
4.  GO 
4.55 
4.25 
4.30 
4.45 
4.40 
4.45 
4.45 
4.40 
4.30 
5.85 
6.55 
6.00 
5.80 


Nov.     Dec. 


5.50 
5.30 
5.00 
4.95 
4.85 
4.  at 
4.65 
4.60 
4.50 
4.35 
4.30 
4.45 
4.40 
4.50 
4.50 
4.40 
4.a5 
4.25 
4.30 
4.25 
4.30 
4.20 
4.20 
4.05 
4.15 
4.25 
4.60 
4.60 
4.40 
4.25 


4.10 
4.15 
4.40 
4.60 
4.60 
4.30 
4.36 
4.30 
3.45 
3.55 
3.70 
3.75 
4.00 
4.05 
4.25 
4.90 
7.90 
7.35 
6.70 
6.35 
6.65 
8.60 
8.40 
7.65 
7.80 
6.90 
6.65 
6.00 
5.75 
5.90 
5.60 
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Current -meter  dmsharge  mecuurementa  of  Catskill  Creek  at  South  Cairo,  S.  Y. 


Oct.  10 
Oct.  4  . 
Nov.  H 
Ang.  19 
Sept.  23 
Nov.  9 . 
jTdy4.. 
Ang.  1  . 
Oct.  22  . 
Sept.  7  . 
Aug.  9  - 
July  25- 
Sept.  2  - 
Aug.  27 
July  17. 
July  20. 
June  18 
June  24 
Ang.  27 
Sept.  5 . 
June  8  . 
May  23. 
Sept.  22 
July  9.. 
May  10. 
Ang.  18 
Nov.  7  . 
Dec.  3.. 
Oct.  10. 
Apr.  22. 
Ang.  2  _ 
July  23. 
Apr.  11. 
Mar.  13 


Date. 


1901. 


Gaffe 
leignt. 

Discharge. 

Hydrognpher. 

Feet. 

Second-feet. 

2.58 

23.3 

Hollister  and  Schlecht. 

2.70 

25.6 

W.  W.  Schlecht. 

2.70 

27.6 

Do. 

2.70 

39.6 

Hollister  and  Place. 

2.74 

35.6 

W.  W.  Schlecht. 

2.75 

42.3 

Do. 

2.75 

60.9 

Horton  and  Hollister. 

2.80 

47.9 

A.  E.  Place. 

2.82 

54.2 

W.  W.  Schlecht. 

3.92 

68.8 

A.  E.  Place. 

3.00 

81.5 

Do. 

8.00 

81.9 

Do. 

3.00 

87 

Do. 

8.13 

121.4 

Do. 

8.50 

260.3 

Pressey  and  Place. 

3.60 

807.5 

A.  E.  Place. 

2.69 

40.6 

W.  W.  Schlecht. 

2.70 

48.5 

Do. 

2.74 

89.4 

H.  K.  Barrows. 

2.79 

50 

Do. 

2.82 

49.5 

W.  W.  Schlecht. 

2.88 

51.1 

Do. 

3.82 

121 

P.  M.  Churchill. 

3.865 

118.5 

H.  E.  Barrows. 

8.47 

138 

W.  W.  Schlecht. 

8.49 

135 

H.  K.  Barrows. 

8.80 

235 

F.  H.  Tillinghast. 

3.90 

275 

\         Do. 

3.92 

242 

P.  M.  Churchill. 

4.06 

320.2 

W.  W.  Schlecht. 

5.86 

1,005 

H.  E.  Barrows. 

6.11 

1,603 

Do. 

6.86 

2,812 

W.  W.  Schlecht. 

8.66 

5,488 

Horton  and  Schlecht. 

A  measurement  made  February  27, 1902,  with  the  stream  obstruct^ 
by  ice,  showed  the  discharge  363  second-feet,  gage  height  4.72.  The 
stream  was  frozen  from  bank  to  bank  to  a  depth  of  6  to  8  inches. 
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Ciu^rent-vieter  discJiarge  ineasureinentH  of  Esojjus  Creek  at  Kingston,  N.  Y 


Aug.  5  . 

July  22. 

Jtdy  18. 

July  5  . 

July  19. 

Nov.  18 

Sept.  26 

Do. 

Aug.  19 

Oct.  10 . 

Do. 

Oct.  8  . . 

Nov.  1  . 

Nov.  14 

Sept-  21 

Aug.  10 

Nov.  26 

Oct.  8  . . 

Sept.  0  . 

Aug.  29 

Oct.  21 . 

Aug.  8  - 

Sept.  4 . 

Aug.  27 

Oct.  16  . 

I>ec.  19. 

Dec.  11. 

Dec.  30. 


-  Jxtne  16 
Sept.  4  . 
Ang.  21 
JvLJie  26 
,Tniie  5  . 
July  16 
JS^ov.  22 
JolyO. 
Ikfa-y  14. 
Sept.  23 


Date. 


1901. 


1902. 


Ghkge 
height. 


Discharge. 


Hydrographer. 


Feet. 

Second-feel. 

* 

3.60 

39.9 

A.  E.  Place. 

8.80 

64.2 

Do. 

4,10 

144.9 

Do. 

4.32 

148 

Horttm  and  Hollister. 

4.40 

172. 7 

A.  E.  Place. 

4.45 

126. 5 

W.  W.  Schlecht. 

4. 55 

167.8 

Do. 

4. 55 

150.4 

Do. 

4.60 

180.2 

HoUiater  and  Place. 

4.62 

165.  H 

W.  W.  Schlecht. 

4.62 

188.1 

Geo.  B.  Hollister. 

4.70 

178.  .'3 

W.  W.  Schlecht. 

4.74 

184. 3 

Do. 

4. 75 

195. 4 

Do. 

4.78 

200. 3 

Do. 

4. 85 

259. 2 

A.  E.  Place. 

5.06 

244.7 

W.W.  Schlecht. 

5.26 

329. 4 

Do. 

5.46 

352. 2 

A.  E.  Place. 

5.50 

364. 3 

Do. 

5.56 

380. 8 

W.W.  Schlecht. 

5.65 

396.1 

A.  E.  Place. 

6.11 

554. 3 

Do. 

6.26 

728. 6 

Do. 

6.64 

785. 2 

W.  W.  Schlecht. 

8.35 

1,472 

Do. 

11.46 

1,720.8 

Do. 

12. 15 

3,989 

Do. 

4.48 

135. 8 

W.W.  Schlecht. 

4.49 

133 

H.K.  Barrows. 

4.94 

191 

Do. 

5.02 

225 

W.  W.  S<;hlecht. 

5.03 

234. 5 

Do. 

5.13 

268. 8 

H.  K.  Barrows. 

5. 45 

272 

F.H.TiUinghast. 

5.81 

450.4 

Barrows  and  Schlecht 

5.83 

422 

W.W.  Schlecht. 

5.87 

449 

P.  M.  Churchill. 
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(Utmnt-meter  (Uscharge  measurement s  of  Esoptis  Creeks  etc. — Continiied. 


1 

I)a^^ 

1 

H«)2. 

Gage 
height. 

Fet-t, 

D»charge. 

Hydrographer. 

Nov.  11.    . 

f^'cond-ffet. 
416 

F.  H.  Tillinghast. 

• 

AiiK.  1- 

6.28 

550 

H.  K.  Barrows. 

May  24   . 

-.        _-_-    ._      -■ 

6.38 

«274 

W.  W.  Schlecht. 

June  o    . . . 

.,-      -_      _._.,    -— 

6.41 

a  272 

Do. 

Nov.  .") 

-....-      . .  — 

6.56 

594 

F.H.Tillinghast. 

Apr.  28  . 

6.94 

828. 3 

W.W.Schleoht. 

May  14     . . 

-  -        ...    .  - 

7. 14 

«  508 

Do. 

July  30  . 

-  -        -  -          ... 

7. 65 

1 ,  155 

H.  K.  Barrows. 

July  24 

1 

H.ll 

1,»48 

Do. 

Oct.  4  .    . . . 

._      .    -    .    .._... 

9.32 

1.890 

P.  M.  Clmrcbill. 

Mar.  I'J     . . 

9.90 

2.843 

Horton  and  Schlecht. 

Apr.  30  . . . 

• 

10. 28 

2.813 

W.W.Schlecht, 

Apr.  10  . . . 

_.-_.-- -- 

13. 37 

5,021 

Do. 

Mar.  1 

20.  :^ 

M2,620 

Do. 

1 

"  Mea'<uro<l  ot  GlaAgow  Bridge,  Glen  Eyrie. 

''  Ijargc  (itiantitleH  of  floating  ice  in  the  Rtream.    Surface  velocities  tuted. 

The  followinjr  measiirements  were  also  made  diirin*r  tlie  periml  oi 
ice  obstruction  by  W.  W.  Schlecht: 

February  HO:  Gage  height,  5.38;  discharge,  245  second-feet;  rivtr 
partly  frozen  over.  February  15:  Gage  height,  5.00;  discharge,  557 
second-feet;  rivei*  mostly  frozen  over.  February  7:  Gage  height,  G.So; 
discharge,  530  second-feet;  river  imrtly  frozen.  Septeml)er  20,  l,'M* 
p.  m.,  the  stream  attained  a  flood  stage,  giving  a  reading  of  25.25  «»ii 
the  gage. 

Ctwrenf-iiKeter  tliseharge  nieasurevients  of  Rondont  Creek  at  Rosendale^  A'.  Y. 


Date 


1901. 


July  IS. 
Aug.  0 
Nov.  7  . 
Sept.  24 
Oct.  1 1 . 
Oct.  11. 
Nov.  1(5 
JnlvO.. 
Aug.  15 
Oct.  7 . . 


Gage 
height. 

Discharge. 

1 

Hydrographer. 

Feet. 

SUrond-feet . 

fi.  m 

118.2 

A.  E.  Place. 

fi.40 

99.4 

Do. 

0.42 

138.2 

W.W.  Schlecht 

6. 4o 

139.6 

Do. 

0.47 

103.2 

Do. 

0. 47 

201. « 

G.'B.  Hollister. 

0. 55 

183 

W.W.  Schlecht. 

0.  Tm 

319 

Horton  and  Holli.ster 

0. 55 

225. 4 

A.  E.  Place. 

0.  00 

217.5 

W.W.Schlecrht. 
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Current-iiveter  discharge  measurements  of  Rondout  Creek^  etc. — Continned. 


Sept  7. 
Aug.  20 
Oct.  18. 
Aug.  28 
Aug.  8 . 
Sept.  4  . 
Dec.  21. 
Sept.  3  - 
Dec. 12. 
Nov.  26 
Dec.  30. 


Sept.  25 

July  15. 

July  18- 

Aug.  29 

June  6  . 

June  20 

Nov.  21 

Dec.  2.. 

Apr.  28. 

May  12. 

Nov.  4  . 

Ang.  7  _ 

Jiilv  29. 

Mar.  21 

Mar.  1  _ 

Apr.  11. 


Date. 


1901. 


1902. 


Oai^ 

beig 


SK.     I  l^*5hargre. 


Hydrographer. 


fWt. 

6.90 

1  Second-feet. 
;        426. 7 

A.  E.  Place. 

6.94 

526. 4 

HoUister  and  Place 

7.03 

509. 9 

W.W.Schlecht. 

7.15 

644.6 

A.  E.  Place. 

7.50 

745.4 

Do. 

7. 56 

836.1 

Do. 

7.60 

772 

W.W.Schlecht.« 

7.80 

1.200 

A.  E.  Place. 

^ 

1,490.8 

W.  W.  Schlecht. 

7.21 

675. 4 

Do. 

11.95 

5, 353 

Do.« 

6.31 

167 

B.  M.  Churchill. 

6.38 

141.9 

H.  K.  Barrows. 

6. 33 

137. 2 

Do. 

6.33 

.  145 

Do. 

6.38 

16;^ 

W.  W.  Schlecht. 

6.42 

166 

Do. 

6. 55 

283.4 

F.  H.  Tillinghast. 

6.70 

367 

Do. 

6.83 

382 

W.  W.  Schlecht. 

6. 855 

421 

Do. 

7.00 

570 

F.  H.  Tillinghast. 

7.39 

838 

H.  K.  Barrows. 

'        7.40 

888 

Do. 

'         8.07 

1,529 

W.  W.  Schlecht. 

17.60 

13,936 

Do. 

11.78 

5,666 

Do. 

♦«  stream  srimewhat  obstructed  by  shore  ice. 

Additional  measurements  were  made  by  W.  W.  Schlecht  while  the 
river  was  frozen  over,  as  follows: 

February  18,  gage  height,  7.70;  discharge,  342  second-feet.  The 
river  was  frozen  over  from  bank  to  bank  and  slush  had  collected 
below  the  ice. 

February  20,  gage  height,  S.13;  discharge,  543  second-feet.  Slush 
l>elow  the  ice  made  an  unsatisfactory  record. 

February  20,  gage  height,  8.43;  discharge,  G84  second-feet.  Ice  cov- 
ered the  river  from  bank  to  bank  and  slush  had  collected  underneath. 
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The  Delaware  and  Hudson  Canal  has  been  abandoned  in  New  York 
•State,  with  the  exception  of  the  portion  from  High  Falls  feeder  on 
Rondout  Ci-eek  to  tide  water,  below  Eddy  ville.     The  gaging  station  at 
Rosendale  is  situated  opposite  the  canal  level  between  locks  6  and  7. 
The  water  supply  of  this  level  is  drawn  entii-ely  from  Rondout  Creek. 
In  order  to  determine  the  amount  of  this  diversion  during  the  season 
of  canal  navigation,  usually  from  April  1  to  December  10,  a  reconl 
has  been  kept  at  lock  No.  6,  or  Creek  Locks,  at  the  lower  end  of  the 
Rosendale  level.    The  record  includes  overflow  at  by-pass  weir,  water 
used  for  lockage,  and  flow  through  paddles  in  miter  gates.     There  is 
also  a  small  amount  of  leakage  in  the  lock  walls  and  gates  which  has 
not  been  determined.     The  flow  in  the  canal  at  lock  No.  6  added  to 
the  flow  at  the  Rosendale  station  will  give  the  total  actual  run-ofE 
from  Rondout  Creek  above  Rosendale.     The  following  tables  show 
the  mean  monthly  and  estimated  daily  diversion  during  the  canal 
season  of  1902.     The  estimated  flow  in  the  canal  as  recorded  in  IIK'I 
is  as  follows: 

Second-feet. 

October,  1901 ..50 

November  21,  1901 _ 19 

Mean  vionthly  diversion  in  second-feet  to  Delaware  and  Hudson  Canal,  lock  So.  ••. 

near  Rosendale,  in  1902. 

Second-fe*-* 

March  « 1.5. 7U 

April ^.  4o 

May _ 29. 9e 

June 23.  «T 

July 23.TS 

August  _  - 24. 3o 

September •. 2:t.y9 

October 22.33 

Current-meter  nieasnretnaits  of  Wallkill  River  at  Neiv  Paltz,  N,  V. 


Date. 


1901. 
Nov.  9-- 

July  23 

Oct.  11 

Oct.  11 

Oct.  24 

Oct.9 

Nov.  10.. 

July? 

Julys 


heigot. 


Feet. 
5. 94 
5.20 
6.30 
6.30 
6.33 
6.48 
6.50 
7.19 
7.25 


Discharge. 

Second-feet. 
178 
306 
340 
355 
333 
398 
402 
824 
842 


Hydrc^rrapher. 


W.W.Schlecht. 
A.  E.  Place. 
W.W.Schlecht. 
Geo.  B.  Hollistei 
W.W.Schlecht. 

Do. 

Do. 
Horton  and  HoUister. 

Do. 


a  March  83  to  31,  IncluBive. 
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Cnrrent'Uieter  meiumreinents  of  Wallkill  River  at  New  Paltz,  N.  l'.— Continued. 


Oct.  1_. 
Nov.  37- 
Sept.  19 
Ang.  13 
July  19. 
Sept.  5  . 
Aug.  31 
Aug.  20 
Aug.  28 
Dec.  11- 
Dec.  19. 
Aug.  7  - 


Jul;-  17. 
Au,:,^.  28 
^■eI)t.  18 
June  19 
:Siiiy  21 . 
June  6  . 
Nov.  18 
May  13. 
Aug.  15 
Dec.  3-- 
Apr.  26 
Feb.  24- 
July29. 
Apr.  21 
Feb.  10_ 
Nov.  4  . 
Aug.  6  - 
May  1 .  - 
Apr.  9  . 
Mar.  11 


Date. 


1901. 


1902. 


&t.       ^>^^^^-- 


Hydrographrir. 


?wt. 

Serond-feet . 

7.36 

896 

W.W.Schlecht, 

7. 52 

1,022 

Do. 

1  .  iO 

1,076  i 

Horton,  Place,  and  Schleclit. 

7.85 

1 ,  Or>8 

A.  E.  Place. 

H.  25 

1,243 

D<\ 

8.90 

1.676 

Do. 

9.07 

1.917 

Do. 

10.00 

2,729 

HoUister  and  Place. 

10.60 

2. 982 

A.  E.  Place. 

11.50 

3. 040 

W.W.Schlecht.'' 

i:].70 

3, 277 

Do.'/ 

14.85 

7,365 

A.  E.  Place. 

5.  70 

.  124.3  ' 

H.  K.  Barrows. 

5.  H6 

169 

Do. 

5. 96 

209.  5 

Barrows  and  Churchill. 

6.18 

295 

W.  W.  Schlecht. 

6.33 

344 

Do. 

6.40 

381 

Do. 

6.62 

550 

F.  H.  Tillinghast 

6.68 

506- 

.W.  W.  Schlecht. 

6.72 

518       1 

H.  K.  Barrows. 

6. 80 

626 

F.  H.  Tillinghast. 

6. 93 

h  680 

W.  W.  Schlecht. 

7.33 

288 

Do. 

7.49 

942 

H.  K.  Barrows. 

1 .  •)« 

'•1,028 

W.  W.  Schlecht 

1  .    1'^ 

597 

Do. 

7.95 

1.165 

F.  H.  Tillinghast. 

7.98 

'^     1,150 

H.  K.  Barrows. 

10. '^M^ 

2.623 

W.  W.  Schlecht. 

13.21 

5, 354 

Do. 

15.93 

7,140 

Do. 

"  Stream  olwtnicted  by  ice  causing  backwater. 

^  MeaFure<l  thi*oiiph  ice  1  toot  6  inches  to  JJ  feet  6  inches  in  thickness . 

<'Measure<l  through  ice  1  foot  to  2  feet  in  thickness. 
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Current  iiieivr  tiiensurenumta  of  Fiahkill  Cresk^  at  Glenham^  Dutchess  County^ 


Dat*'. 


Gage  height  Discharge. 


July  24. 
Oct.  12  . 
Nov,  1 1 
Aug.  l."» 
Sept.  27 
July  20 
July  H . . 
Nov.  20 
Oct.  5  . . 
Oct.  15. 
Se:)t.  0  _ 
Sept.  IS 
Dec.  24. 
Aug.  21 
Aug.  30 
Dec.  13. 
Oct.  15 . 
Dec.  31. 


Aug.  20 
July  14. 
Aug.  1 1 
Oct.  11- 
June  2  . 
July  2S. 
June  17 
Nov.  8  . 
Apr.  25 . 
May  6_. 
Feb.  11. 
Oct.  30- 
Apr.  12. 
Mar.  5  . 


1901. 


1902. 


Feet. 
3.60 
3. 80 
3. 85 
3.85 
3.86 
8.90 
;].  92 
3. 95 
3.98 
4. 05 
4.15 
4.22 
4. 52 
4.56 
4.60 
4.62 
5. 10 
7.43 

3.04 

3.18 

3. 51 

3.71 

3. 785 

3.90 

4.00 

4.00 

4.03 

4.46 

4.87 

4.97 

5. 30 

5.  79 


Secoiul-feet. 

60 

97 

82 

110 

90 

135 

147 

114 

126 

137 

193 

229 

315 

342 

31*5 

375 

579 

2,210 


48. 
64. 

115 

155 

132. 

200 

212. 

233 
ft  152. 4 

349. 5 
'•202.5 

697.7 


3 


;> 


6 


1,129 


Hydrographer. 


A.  E.  Place. 
Geo.  B.  Hollister. 
W.  W.  Schlecht. 
A.  E.  Place. 
W.W.  Schlecht. 
A.  E.  Place. 
Horton  and  Hollister. 
W.  W.  Schlecht. 

Do. 

Do. 
A.  E.  Place. 

Do. 
W.W.  Schlecht. 
A.  E.  Place. 

Do. 
W.W.  Schlecht. 

Do. 

Do.« 

H.  K.  Barrows. 

Do. 

Do. 
P.  M.  Churchill. 
W.  W.  Schlecht 
H.  K.  Barrows. 
W.  W.  Schlecht. 
F.  H.  TOlinghast. 
W.  W.  Schlecht. 

Do. 

Do. 
C.  G.  Covert. 
W.  W.  Schlecht. 

Do. 


«  Surface  velocity  used. 
^  Prohablv  incorrect. 

t'Ico  alrmg  banks  nt  gaging  Htntion,  frozen  from  bank  to  bank  iX>  yards  below  sitatiim  :^  * 
9  inches  thick. 


PRESSET.] 


DISCHARGE    MEASUREMENTS. 
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Cnrrent-vu'ter  dUicharge  nieasuremeufs  of  Tenmile  River  at  Tabor  h  brndye,  below 

Dover  Plains,  y.  Y. 


Sept.  16 
Sept.  28 
Nov.  11 
Nov.  22 
Nov.  22 
Nov.  6  - 
Oct.  26 . 
Dec.  27. 
Oct.  15 . 
Dec.  17. 


Date. 


1901. 


Sept.  2-._. 
Aug.  19  - . . 
June  10  . . 

Feb.  13 

Aug.  4 

Nov.  28 

Nov.  14 

May  15 

June  30  . . . 
May  28-.-. 

Oct.2 

Apr.  15 

Apr. 7.. ... 

May  2 

July  21 

Mar.  3 


1902. 


Gasre 
height. 


Feet. 
5. 27 
4.36 
4.  75 
4.76 
4.76 
4.88 
5.01 
6.54 
7.19 
8.41 

3.95 
4.28 
4.45 
4.67 
4.69 
4.80 
4.87 
4.88 
4.92 
5.50 
5.80 
6.13 
6.18 
6.46 
7.18 
10.41 


DiHoharge. 


Second-feet. 
245.4 
70.3 
121.5 
123. 4 
120.9 
140. 1 
187.6 
554 
692.8 
1,213.4 

63 

100 
't  158 

179 

184.8 

211.5 

211 

230 

249 

380 

443 

526 

558 

640 

821 
2, 386 


Hy  dr  ojiri-apher . 


A.  E.  Plac^e. 
W.  W.  Schlecht. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

H.  K.  Barrows. 

Do. 
W.  W.  Schlecht 

Do. 
H.  K.  Barrows. 
F.H.Tillinghast. 

Do. 
W.W.  Schlecht. 

Do. 

Do. 
P.  M.  Churchill. 
W.W.  Schlecht. 

Do. 

Do. 
H.K.  Barrows. 
W.W.  Schlecht. 


«  River  nearly  coverod  with  ice  from  bank  to  bank  and  U  to  JJj^  inches  thick. 
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FLOW    OF   RIVERS    NEAR   NEW    YORK   CITY. 


[xo.  76. 


Ciin*ent-nieter  discharge  tneasureni^nts  of  Housatonic  River  at  Gaylordsmlle.  Conn, 


Dat<». 


tSfJLV     I  I>i«<-l^arpe. 


Hydro^rapber. 


1900. 
Oct.  20 

Oct.  24_.    ...    .   •. 

Aug.  10... 

Auk.  » 

1901. 
Aug.  8- 

Sept.  2H 

Sept.  13:... 

Oct.  29 

Nov.  23 

Nov.  18 

Dec.  28 

1902. 
Sept.  H 

Sept.  19  . . .     . 

Aug.  20 

Aug.  .■) 

July  11- 

Nov.29 

June  23 

Nov.  15 .. 

Oct.  3 

May  3 .  _ 

Julv22 

Mar.  18.  _ 

Mar.  4 


Feet. 


3 

3.10 
3.25 
3,30 


Senmd-feet. 

303 
370 
422 
450 


3. 45 
3.75 
3. 95 
4.28 
4.30 
4.40 
4.4fi 
4. 50 
5.35 
6.10 
6.68 
7.63 
9.9 


\ 


E.  G.  Paul. 
Do. 
Do. 
Do. 


3. 50 

549. 5 

A.  E.  Place. 

3.78 

700.8 

W.  W.  Sclilecht. 

4 

911.7 

A.  E.  Place. 

4. 05 

951 

W.  W.  Sclilecht. 

4.11 

9^5.4 

Do. 

4.82 

1, 863.  7 

Do. 

5. 16 

2,250 

Do. 

543 

640 

8*^5 

983 

1,159 

1,281 

1,177 

1,356 

2,133 

4, 459 

5,119 

8, 259 

13,601 


H.  K.  Barrows. 
Barrows  and  Churchill. 
H.  K.  Barrows. 

Do. 

Do. 
F.H.Tillinghast. 
W.  W.  Si-hlecht. 
F.  H.  Tillinghast. 
P.  M.  Churchill. 
W.W.Schlecht. 
H.  K.  Barrows. 
W.W.Schlecht. 

Do. 


INDEX. 


Page. 
Ablxitt,  H.  L.,  and  Humphreys,  A.  A., 
cited  on  fonn  cf  vertical  ve- 
locity curve 22 

reference  to 2(),48 

Alkalinity,  methcd  of  determining 7H 

of  streams  diflcussed,  diagram  show- 
ing          76 

table  showing 77-H5 

Allen,  C.  J.,  work  of (E 

Austin,  Tex.,  hydraulic  plant  at,  failure 

of 10 

Babi).  C.  C,  reference  to 2) 

Bear   Valley   dam,   California,   lack   of 

waterin 11 

Birdsall,  Q,  N.,  measurements  suggested 

by 13 

*  'ntskill  Croek,alkalinity  obseiTations  on, 

diagram  showiug  remiltB  of. . .        7ft 
color  observations  on,  diagram  sliow- 

ingresultsof 74 

discharge  measurements  of il6 

gage  heights  of 87 

gaging  station  on,  description  of 27-2S 

view  of 2») 

hardness  observations   on,  diagram 

showing  rosultA  of 78 

quality  of  wat-er  of,  table  showing  ...        77 
turbidity  observations  on,  diagram 

showing  results  of 7(» 

velocities    in    vertical    sections    on. 

tables  showing 3iM0. 45 

under  ice,  tables  showing 58 

velocity  at  mid  depth  and  mean  ve- 
locity on,  relation  Ijet we-.^n 4(> 

vertical  velocity  curve  fur,  diagram 

showing 24 

Color,  methods  of  determining 7J^  7ti 

of  streams  discussed,  results  of  obser- 
vations of,  diagram  showing..        74 

tableshowing 77-fn 

standards  for  determining 74-75 

tubes  and  disks  for  determining  plate 

showing 72 

Cunningham,  Allan,  cited  on  velocity  of 

rodfloats 18 

Current  meter,  plate  showing 2< ) 

use  of,  in  determining  velocity 1ft  2i» 

view  showing 18 

Dams,  use  of,  in  determining  velt)city 1 8  l» 

Darcy ,  H.,  formula  derived  by 36 

De  Prony,  work  of 2<5 


Page. 
Discharge    measurements.    metho<i8    of 

making,  views  of 18 

tables  of S»j-l(l4 

Disks    for    measuring    color    of    rivor 

water 72 

Dover  Plains,  gaging  station  at,  descrii>- 

tionof 29 

Tenmile  River  at,  discharge  mcasure- 

mentsof 103 

gage  heights  of i^-flQ 

velocitie.i  in  vertical  sec'tions  <»n, 

tables  showing i'\,  4.> 

Ellis,  T.  G.,  reference  to 2:1,46 

Esopus    Creek,   alkalinity    observations 
on,  diagram   showing  results 

of 76 

color  observations  on,  diagram  sliow- 

ing  result.!  of 74 

curves  of  equal  velocity  on,  diagram 

showing 22 

dischai'ge  measuremen ts  or i)7-il8 

gage  heights  of 88 

gaging  station  on,  description  of 28 

view  of 28 

hardm^ss  observations  on,  diagram 

showing  rv»sults  of 78 

quality  of  water  of,  t.'ible  showing .   .  s  Ml 
turbidity,  observotions  on,  diagram 

showing  i-esult  of 70 

velocities  in  vertical  sections  on,  tables 

showing 32-34.4> 

under  ice,  table  showing 54-55. 63. 64 

velocity  at  mid  depth  and  mean  vo- 

lo(nty  on,  relation  between 46 

vertical  velocity  curve  f.):-.  diagram 

showing 24 

under   ice  cover,  diagram  show- 
ing          61 

Fishkill  Oeek,   alkalinity   observations 
on,  diagram  showing  results 

of 76 

color  observations  on,  diagram  show- 
iug results  of 74 

diM^harge  measurements  t)f 102 

gage  heightsof 91-ft2 

gaging  staticm  on,  dcs<Tiptio:i  <.t .   ...       28 
hardness  observations  on,  diagram 

showing  results  of 78 

quality  of  water  of,  tabl»»  showing  . . .  83-84 
turbidity  ol)servati(ms  on,  diagram 

showing  restilt  (»f 70 
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FiHhkill  Creek,  Tolocities  in  vertical  bbc- 

tions  on,  tables  showins:...  41-4^,45 
vd^'ity  at  mid  depth  and  mean  ve- 
locity on,  relation  betwoon 46 

vertical  velocity  curve  for,  dia^Tram 

showing 24  i 

FltiatH,  method:;)  of  using,  to  determine  I 

velocity 15-lt< 

Flow,  estimates  of,  variation  ii;    12 

Francis,  J.  B.,  cited  on  velocity  ol  rod 

floats 17 

formula  for  determ.ining  velocity  by.       18 

reference  to 19 

Freeman,  J.  R.,  referen<*o  t  > 19 

Fteley ,  A . ,  and  Stearns,  F .  P . ,  ref eivnce  to .        19 

Ga.  TO  heigh t«*,  tables  sho wi ng 87-95 

Gaging  Htations,  viewsof 26,28 

Gay  lords  ville.  Conn.,  gaging  station  at, 

description  of 29 

gaging  station  at,  view  of 26 

Houaatoniu  River  at,  discharge  meas- 

urementsof 104 

gage  heights  of 9JJ-95 

velocities  in  vertic::!  aivtlons  on, 

tables  showing 44 

Gila  Bend,  Ariz.,  failure  o.  *  a:;i  ct 11 

Glenham,  gaging  station  at,  descri:)tion 

of 2b 

FishkiU  Creek  at,  discharge  mej«nre- 

mentsef Utt 

gage  heights  of 91-92 

velocities  iu  vertical  sections  on, 

tableii  showing 41-42,45 

Gordon,  R.,  work  of 28 

Hardnei«s,  method  of  determining 76-77 

of  streams  discussed,  diagrams  show- 
ing         78 

tables  showing 77-85 

Hazen,  Allen,  method    of  determining 

color  devised  by 73 

Horizontal  velocity  curves  on  Wallkill 

River,  diagram  showing 31) 

Housatonic   River,    alkalinity    observa- 
tions on,  diagram  showing  re-  > 

sultsof ier\ 

color  observations  on,  dLagi'am  show- 
ing results  of 74  ' 

discharge  measurements  of 104 

gage  heights  of 93-96 

gaging  station  on,  description  of 29 

view  of 28 

hardness   observations  on,    diagram  ' 

showing  results  of 78 

quality  of  water  of,  table  showing 84-85 

turbidity  observations  on,   diagram  | 

showing  results  of 70 

velocities    in   vertical    sections  on,  I 

tables  showing 44  i 

velocity  at  mid  depth  and  mean  ve-  ' 

locity  on,  relation  between 46  | 

vertical  velocity  curve  for,  diagram 

showing 24 

Humphreys,  A.  A.,  and  Ablx>tt,  H.  L.,  ! 

cited  on  form  of  vertical  ve- 
lix'ity  curve 22  | 

ref  er<'noe  to 2U,4fi 
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Ice,  broken   and  tilted,  flow  of    rivtsrf. 

under U 

smooth  and  unbroken,  flow  of  rivers 

under 4-v»H 

Jackson,  D.  D.,  and  Whipple,  G.  C,  refer- 
ence to 71. 7i 

Jellys  Perry,  Cal.,  Sacramento  River  at. 
relation  of  mean  and  surface 

velocity  on £' 

Kingston,  gaging  station  at,  description 

of :^ 

gaging  station  at,  view  of :?> 

KsopuB  Creek  at,  curves  of  equal  ve- 
locity on,  diagram  showing ...       :::: 

discharge  measurements  of H7-^ 

gage  heights  of *<* 

velocities  in  vertical  sections  on. 

table  showing 32-W- 1> 

Lagrange,  Cal.,  Tuoltmiuo  River  at,  re- 
lation of  mean  and  surface  ve- 
locity on 

Lippincott,  J.  B.,  quoted  on  vekx-ity 
curves  on  rivers  in  southern 

California 

Measurements,  method  of  m&king.  views 

of 1> 

Meter.    See  Current  meter. 

Mississippi  River,  vertical  vekx-ity  curvt* 

on,  form  of H-^i 

Murphy,  E.  C,  reference  to *• 

New  Paltz,  gaging  station  at,  description 

of 2- 

gaging  station  at,  view  of *'• 

Wallkill  River  at,  curves  of  equal  ve- 

l(X!ity  on,  diagram  showing ...       >l> 

discharge  measurements  of lt»»-Kn 

gage  heights  of 9iM>l 

horizontal  velocity  curves  on,  dia- 
gram showing 3' 

ice  cover  and  curves  of  equal  ve- 
locity on,  diagram  showing. . .       4'- 
velocities  in  vertical  sections  on. 

tables  showing 87-^.  ti 

New  York  City,  gaging  stations  near 1  ^ 

water  supply  of,  proposed  aonn.*e?  of.  12-I-i 
Newell,  F.  H.,  lettor  of  transmittal  by . . .         7 

Place,  A.  E.,  work  in  t  barge  of t* 

Platinum-cobalt  method  of    measuring 

color,  description  of 7Jt-7»i 

Platinum-wire  process  for  determining 
turbidity,  method  of  applica- 
tion of fi9-r.i 

Powell,A.  O..  work  of 

P*rice  electric  current  met3r,  plate  show- 
ing         ti 


Quality  of  river  water,  discussion  of «C  *  - 

Rafter,  G.  W.,  reference  to I* 

River  channelss  velocity  in,  methods  i>f 

measuring 14-3" 

Rod  floats,  method  of  using,  to  determine 

velocity 17-> 

Rondout  Creek,  alkalinity  observations 

on,diagTamshowingresultsof.       Tn 
color  observations  on,  diagram  show- 
ing results  of Ti 

discharge  measuremen^t  of a^-1' •' 
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Rondout  Creek,  gage  heighte  of W 

gaging  station  on.,  view  and  des(*rip- 

tionof 2K 

hardness  obeervations  on,  diagram 

showing  results  of 78 

quality  of  water  of,  table  showing TiMM) 

turbidity  observations  on,  diagram 

showing  results  of 70 

velocities  in  vertical  sections  on,  ta- 
bles showing ;i>-3tf,  4i> 

under  ice,  tables  showing. . .  56-57.63,64 
under  ico  broken  and  tilted,  tables 

showing tW,B7 

velocity  at  mid  depth  and  mean  ve- 
locity on,  relation  between ...       4*5 
vertical  velocity  curve  for,  diagram 

showing 5J4 

under  ice  cover,  diagram  showing       61 
Bo»endale,  gaging  station  at,  view  and 

description  of 2S 

Somlout  Creek  at,  discharge  measure- 

mentsof 9H-HI0 

gage  heights  of 89 

velocities  in  vertical  sections  on, 

tables  showing 35-3B,45 

Rough  bed,  effect  of,  on  velo(^ities  in  ver- 
tical sections 46-47 

Sacramento  River,  California,  i*elation  of 

mean  and  surface  velocity  on.       23 
ir^an  Qabriel  River,  California,  relation  of 

mean  and  surface  velocity  on.        ^ 
^  anta  Ana  River,  Calif oi'nia,  relation  of 

surface  and  mean  velocity  on.       24 

t^<:hlecht,  W.  W.,  work  in  charge  of 27 

j^mooth  bed,  effect  of,  on  velocities  in 

vertical  sections 4'i-47 

£5outh  Cairo,  Catskill  Creek  at,  discharge 

measurements  of VQ 

Catskill  Creek  at,  gage  heights  of 87 

veloi'ities  in  vertical  sections  on, 

tables  showing 39-40,45 

gaging  station  at,  dc  st^rlption  of 27-28 

view  of. 2«S 

t^tearns.  P.  P.,  cited  on  surface  velocity. .       21 
Steams.  F.  P.,  and  Fteley,  A.,  reference 

to 19 

Subsurface   floats,  method  of  using,  to 

determine  velo<'ity lt;-17 

Surface  floats,  methods  of  usintf,  to  de- 
termine veUx'ity  16-16 

Sweetwater    reservoir,  California,  lack 

of  water  in 10 

Xeninile  River,  alkalinity  observations 
on,  diagi'am  showing  results 

of 76 

color  olwervations  on,  diagram  show- 

ingresultsof 74 

dischaivc^  measurements  of Wi 

gage  heights  of <.i2  \1S 

gaging  station  on,  dewription  of 29 

hardness  observations  on,  diagi'am 

showing  results  of 78 

quality  of  water  of,  table  showing  .  .       82 
turbidity  observations  on,  di'igram 

showing  results  of 70 


Page. 
Tenmile  River,  velocities  in  vertical  sec- 
tions on,  tables  showing 43, 45 

velocity  at  mid  depth  and  mean  ve- 
locity on,  relation  between...       46 
vertical  velocity  curve  for,  diagram 

showing 24 

Tube  floats,  methods  of  using  to  deter- 
mine velocity 17-18 

Tubes  for  determining  color,  method  of 

fliling  and  holding 75 

plateshowing 72 

Tu(ilumn^  River,  California,  relation  of 

mean  and  surface  veloci  ty  on . .       23 
Turbid  wat**r,  cxAor  of,  method  of  deter- 
mining         75 

Turbidity,  determination  of 68-73 

of  streams  discussed,  diagram  show- 
ing resuU  of 70 

tables  showing 77-^ 

platinum-wire  process  for  di't.'r min- 
ing, method  of  application  of .  69-73 

standard  of '. 89 

stick  for  determining,  view  of 86 

Velocities  in  vertical  sections,  tables  show- 
ing   32-47 

Velocity  in  river  channels,  methods  of 

measuring 14-30 

point  of  mean,  depth  from  surface  to.  20-21 

relation  of  mean  to  mid  depth 46 

to  surface 2^2M 

Velointy  curves,  hoiizontal,  on  Wallkill 

River,  diagram  showing 30 

Vel(K'ity  curves,  vertical,  description  of, 

on  streams  without  ice  cover.  20-47 

diagram  showing 24 

form  of 22-23 

Vernon-Harcourt,  L.  F.,  cited  on  relation 

of  mean  to  vertical  velo<"ity  . .       25 
Vertical    sections,  velocities  in,   tables 

showing 32-47 

Vertical  velocity,  relation  of  mean  to  sur- 
face    23-26 

Vertical  velocity  curves,  dt»scription  of, 

on  streams  without  ice  cover.  20-47 

diagram  showing 24 

form  of 22-23 

stations  for  obtaining 27-29 

Wallkill  River,  alkalinity  observations 
on,  diagram  showing  results 

of 76 

color  ol>servations  on.  diagram  show- 

ingresultsof 74 

discharge  measurements  of l(k>-10] 

equal  vekx'ity   curves   on,    diagram 

showing 30 

gage  heights  of 90-91 

gaging  station  on,  descrijitiim  of 28 

view  of - 26 

hardness   observations  on,   diagram 

showing  results  of 78 

horizontal   velocity  curves   on,  dia- 
gram showing 30 

ice  cover  and  curves  of  e<iual  vel(K-ity 

on.  diagram  showing 48 

quality  of  water  of,  table  showing , . .  81-8^ 
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Wallkill  River,  tarbidity  observntionB  on, 

dia$rram  showing:  results  of . . .       70 
vel<x^itie«    in   vertical    sections    on, 

tables  showing 37-38,45 

under  ice,  tables  showing. . .  50-53,63,  W 
under  ice,  broken  and  tilted,  tables 

showing 65,67 

veltx'ity  at  mid  depth  and  mean  ve- 
locity on,  relation  between 4i> 

vertical  velocity  curve  for,  diagram 

showing 24 


P&ft 
"Wallkill  River,  vertical  velocity  curve 
for,  with  ice  cover,  diagram 

showing Q».*51 

Warm    Springs,  Cal.,  Santa  Ana  River 
at,   relation  of  surface    and 

mean  velocity  on 24 

Water  ix)wer9,  value  and  utilization  of .     ^  1  < 
Weirs,  use  of,  in  determining  velocity  . . .  \>^\9 

Whipple,  G.  C,  color  disks  rated  by 74 

Whipple,    G.    C,   and   Jackson.    D.    D.. 

reference  to 71. T^ 
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Plate    I.  MapofMolokai 9 

n.  A,  South  coast  of  Molokai  at  Kolo  windmill,  west  end  of  island 
(looking  west),  showing  sea  cliff  and  successive  basalt  flows 
sloping  down  toward  the  coast;  B^  Mouth  of  Kawela  Gulch, 
south  coast  of  Molokai,  showing  bowlder-filled  creek  bed  and 
steep  side  sloi)es  cut  in  basalt- 10 

III.  A,  Kamalo  Gulch,  south  coast  of  Molokai,  showing  parts  of  sur- 
face of  volcanic  cone,  deeply  dissected  by  steep  gulches, 
debris  fans  at  mouth  of  gulches,  and  coral  reef  below  shallow 
water  near  shore;  B,  North  coast  of  Molokai  (looking  west 
from  the  landing  at  Wailau) ,  showing  fault  scarp  along  north- 
em  coast,  horizontal  basalt  flows  near  base  of  cliff,  and  penin- 
sula of  leper  settlement  in  the  distance 12 

rV.  -4,  North  coast  of  Molokai  (looking  west  from  summit  of  trail 
to  lex)er  settlement) ,  showing  summit  plateau  and  fault  8carp 
exposing  a  great  number  of  basalt  flows,  elevation  1 .600  feet 
above  sea  level;  B,  North  coast  of  Molokai,  mouth  of  Wailau 
Valley  (looking  east),  showing  fault  scarp  3,000  feet  high  and 
alcove  type  of  eroded  valleys 14 


LETTER  OF  TRANSMITTAL. 


Department  op  the  Interior, 
United  States  Geological  Survey, 

Washington,  D.  C,  October  1,  1902. 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  by  Wal- 
demar  Lindgren,  geologist  of  this  Survey,  with  the  request  that  it  be 
published  in  the  series  of  Water-Supply  and  Irrigation  Papers.  This 
manuscnpt  relates  to  the  water  supply  of  Molokai,  one  of  the  Hawaiian 
Islands.  It  was  prepared  from  the  results  of  an  investigation  made 
unofficially  by  Mr.  Lindgren  in  1900.  The  observations  made  at  that 
time  and  the  conclusions  drawn  from  them  have  such  general  interest, 
as  showing  the  possibilities  and  limitations  of  one  of  the  group  of 
islands,  that  it  is  desirable  to  make  them  available  to  the  public.  Of 
especial  interest  are  Mr.  Lindgren's  notes  on  the  gradual  decrease  of 
the  forested  area,  the  probable  effect  of  grazing,  and  the  intimate 
relations  of  these  to  the  available  water  supply. 

The  problems  of  water  conservation  are  here  shown  to  be  rather 
difficult  and  involved,  but  are  similar  in  many  respects  to  those  of  the 
arid  West,  the  solution  being  found  in  combined  systems  of  storage, 
water-power  development,  use  of  the  power  in  pumping,  the  construc- 
tion of  wells,  collecting  tunnels,  and  the  economical  employment  of 
various  devices  for  lifting  water.  Opportunity  is  thus  offered  for  the 
exercise  of  skill  and  mature  judgment  by  the  geologist,  hydrographer, 
and  civil  and  mechanical  engineer. 

Very  respectfully,  F.  H.  Newell, 

Hydrographer  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  of  United  States  Oeological  Survey. 
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'\     >">  Molokai  is  the  fifth  in  size  of  the  Hawaiian  Islands,  and  is  situated 

*  V'':''\f^vreen  Oahii  and  Maui.     Oahu  is  23  miles  distant,  and  from  higher 

Ints  Diamond  Head  is  in  plain  sight  on  clear  days.     From  Maui 

is  divided  by  a  sound  only  8  miles  wide.     Not  much  farther  to  the 

i*- ...    nth  rises  the  dry,  rocky  coast  of  Lanai,  a  still  smaller  island,  chiefly 

\-sjBd  as  a  sheep  range.     Molokai  is  a  narrow  strip  of  land,  extending 

miles  from  east  to  west  and  having  an  average  width  of  a  little  less 

an  7  miles.     The  area  is  261  square  miles.     The  population  in  1900 

^'   imbered  2,500.     The  island  stands  on  the  submarine  plateau  from 

-r:^Aiich  the  whole  northern  group  rises,  so  that  no  extreme  depths  are 

und  in  the  channel  between  Oahu  and  Molokai,  nor  between  Molokai 

id  Maui.     Coral  reefs  fringe  nearly  the  whole  south  coast  of  Molokai, 

/'   it  few  occur  on  the  north  shore.      This  north  shore  is  the  wind- 

ard  side,  I'eceiving  the  full  impact  of  the  trade  winds  and  a  great 

Bouiit  of  moisture.     In  strong  contrast  to  this  the  south  shore  is 

^        rtremely  dry. 

plolokai  is  outside  of  the  ordinaiy  course  of  travel.  No  description 
I  the  island  has  ever  been  published,  as  far  as  I  know,  excepting 
tnewhat  stereotyped  references  to  the  leper  settlement  in  books  of 
Hvel.  The  more  easily  accessible  portions  are  not  attractive,  and 
le  northeast  coast,  which  is  characterized  by  wonderful  scenerj^  is 
ki-dly  ever  visited  by  travelers. 

TOPOGRAPHY.a 

\ 

iThree  natural  divisions  may  be  recognized  in  the  relief  of  the  land: 
t)  The  west  end,  or  Kaluakoi;  (2)  the  low  gap  separating  Kalua- 
bi  from  the  principal  mountain  range;  and  (3)  the  eastern  range. 

iThe  Hawaiiann  do  not  ordinarily  designate  directions  by  the  four  points  of  the  compass, 
key  have  instead  two  very  expre»uve  terms:  Matika^  meaning  upward,  toward  the  higher 
s  of  the  island,  and  Makai.,  meaning  the  opposite,  or  toward  the  sea.  It  also  seems  that  they 
J  not  usually  designate  the  water  courses  by  special  names,  but  instead  apply  to  them  the 
nne  of  the  subdivision  of  land  through  which  they  happen  to  flow.  As  will  be  seen  from  the 
iip,  each  subdivision  has  its  own  name. 
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10  WATEB   BE80UBCES   OF   MOLOKAI.  [mo.  77. 

The  west  end,  or  Kalnakoi,  comprises  about  55  square  miles.  This 
area  consists  of  a  broad,  bare,  and  grassy  ridge,  beginning  at  the 
light-house  at  the  southwestern  extremity  of  the  island  and  culminat- 
ing, with  an  elevation  of  1,382  feet,  in  the  round-topped  hill  of  Mauna 
Loa.  Rocky  and  abrupt  ravines  lead  southward  from  this  backl>one 
to  the  sea,  while  long  gulches  with  gentler  grade,  and  separated  by 
broad  ridges,  reach  the  north  shore.  Here  a  steep  cliff  has  been 
formed  by  the  action  of  the  waves  (PI.  II,  A).  A  sharp  slope,  or  pali, 
a  few  hundred  feet  high,  runs  northward  from  Mauna  Loa,  dividing 
thi5  west  end  from  the  low  gap. 

A  low  gap  separates  Kaluakoi  from  the  princii)al  mountain  range 
of  the  island.  The  lowest  point  of  this  divide  is  450  feet  above  sea 
level.  Gently  rolling  smooth  surfaces  characterize  this  broad  gap  or 
saddle;  on  the  south  it  is  cut  by  shallow  gulches  and  slopes  gradually 
to  the  sea,  while  on  the  north  shore  the  surf  has  sculptured  a  low  sea 
cliff  gradually  merging  into  the  great  precipice  or  pali  which  from 
here  on  follows  the  northern  coast.  This  gap  contains  the  best  and 
most  extensive  sugar-cane  lands  on  the  island,  the  total  area  being 
about  14,000  acres  of  deep  red,  extremely  fertile  soil.  This  area  is 
sharply  separated  from  the  west  end  by  Mauna  Loa  Creek  on  the 
south  side  of  the  island  and  by  the  above-mentioned  low  pali  on  the 
north.  Eastward  the  rolling  country  gradually  rises  to  the  plateau 
of  the  main  mountains  of  the  island. 

The  eastern  range  comprises  the  largest  part  of  the  island.  This 
may  be  briefly  described  as  a  segment  of  a  circle,  the  chord  of  which 
extends  east  and  west  and  has  a  length  of  about  25  miles.  The  line 
dividing  the  north-south  drainage  is,  roughly  speaking,  parallel  to 
ttie  curve  of  the  southern  coast.  The  mountains  culminate  almost  in 
the  center  of  the  island  in  the  peak  of  Kamakou,  which  attains  an 
elevation  of  nearly  5,000  feet.  The  south  slope  is  gradual,  and  is  fur- 
rowed by  a  great  number  of  straight  and  narrow,  though  often  deep, 
ravines  (PI.  II,  By  and  PI.  Ill,  A),  The  north  slope  is  abrupt,  in  places 
precipitous,  and  is  marked  by  five  most  extraordinary  recesses  or 
alcoves,  cut  in  the  face  of  the  scarp.  This  great  precipice  and  these 
alcoves  are  the  most  remarkable  feature  of  the  island's  topography. 
North  of  the  great  gap  of  the  island  the  great  pali  has  a  height  of  only 
a  few  hundred  feet,  which  increases  to  900  feet  north  of  Molokai  Home 
ranch  and  reaches  1,500  feet,  where  the  trail  to  the  leper  settlement 
crosses  it.  From  this  point  eastward  the  great  precipice  is  much  higher 
and  from  Waikolu  to  Wailau  attains  elevations  of  from  2,500  to  3,5()C» 
feet;  then  it  gradually  decreases  again  to  Halawa,  where  it  ends  near 
the  eastern  point  of  the  island,  having  there  an  elevation  of  850  feet 
The  character  of  this  pali  maj'^  be  seen  from  PL  III,  By  and  IV,  A, 
When  of  moderate  height,  i.  e.,  up  to  1,500  feet,  it  forms  practically 
one  continuous  slope  of  from  50°  to  70**,  with  practically  no  level  land 
below.     The  surf  beats  directly  against  the  foot  of  the  escarpment. 
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At  the  mouth  of  the  Wailau  Valley,  and  wherever  it  attains  great 
height,  there  is  usually  a  vertical  or  practically  vertical  cliff  from  a 
few  hundred  to  a  thousand  feet  high.  Above  this  a  slightly  more 
gradual  slope  prevails,  but  for  2,000  feet  above  sea  level  the  average 
declivity  is  often  about  70°.  Above  this  the  slope  flattens  to  something 
like  45°.  The  precipitous  rock  walls  are  channeled  by  a  great  number 
of  parallel  grooves  cut  by  the  rain  water,  and  wherever  the  slopes  are 
not  vertical  the  dark  colored  rock  is  covered  by  a  mantle  of  bright 
g^reen  vegetation.  Only  in  one  place  is  there  is  any  important  land 
mass  projecting  northward  at  the  foot  of  the  pali.  That  is  the  penin- 
sula of  the  leper  settlement,  Kalaupapa,  a  rocky  and  dry  peninsula  2 
miles  wide  and  2  miles  long,  its  highest  point  rising  only  a  few  hun- 
dred feet  above  the  sea  and  marked  by  the  crater  of  a  small  extinct 
volcano. 

Next  tiO  the  great  pali  itself  the  most  remarkable  features  of  the 
northern  coast  are  the  deep  recesses  or  alcoves  which  erosion  has  carved 
into  it,  alcoves  with  exceedingly  steep,  sometimes  perpendicular 
slopes,  of  wonderful  beauty  and  grandeur,  over  the  edges  of  which  the 
waters  of  the  upper  drainage  basins  fall  in  numberless  cascades, 
increasing  to  magnificent  waterfalls  during  the  rainy  season. 

West  of  Waikolu  Valley  the  main  divide  of  the  island  is  close  to  the 
northern  shore,  but  here  it  turns  southeasterly  and  curving  follows 
approximately  the  central  line  of  the  island.  The  three  western 
alcoves,  Waihanau,  Waialeia,  and  Waikolu,  have  as  yet  not  cut  back 
very  far  and  are  therefore  most  characteristic  of  their  type.  All  three 
have  a  shorter  upper  high  level  drainage  consisting  of  small  canyons 
in  the  high  plateau,  200  to  400  feet  deep,  connected  by  cascades  with 
the  lower  straight  and  deep  canyons,  2  to  3  miles  in  length.  The 
even  verdure-clad  side  slopes  descend  at  angles  of  from  40°  to  60°  to 
the  water  course  in  the  bottom.  At  the  head  of  the  canyon  the  declivi- 
ties become  much  more  precipitous  and  form  an  amphitheater  in  strong 
contrast  to  the  rolling  or  level  summit  plateau.  At  the  head  of  the 
alcove  and  at  various  places  from  its  sides  the  waterfalls  descend  like 
narrow  white  threads  for  2,000  feet  into  the  black  depths  of  the  chasm. 
Deep  grooves  and  holes  have  been  worn  into  the  rock  by  the  falls,  so 
that  in  places  they  disappear  altogether  from  view.  More  extensive 
and  branching  are  the  two  principal  streams  of  the  island,  Pelekunu 
and  Wailau.  They  occupj^  watersheds  of  4  or  5  square  miles,  but  they, 
too,  are  surrounded  by  the  same  precipices,  especially  near  the  head- 
waters at  the  main  divide.  They  are  clearly  of  the  same  origin  as  the 
smaller  alcoves,  but  a  stronger  erosive  action  has  widened  the  valleys 
and  extended  their  canyons.  The  grades  of  the  streams  are  heavy 
throughout,  and  except  at  the  north  of  the  canyon  there  are  practically 
no  bottom  lands.  PI.  IV,  B,  shows  the  mouth  of  Wailau,  with  the 
broad,  almost  U-shaped  form  at  the  debouchure,  and  the  furrowed 
slopes  descending  from  the  high  plateau  of  the  island. 
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The  Ilalawa,  another  of  the  permanent  streams  of  the  island,  flows 
in  an  easterly  direction,  heading  in  the  swamps  of  the  plateau  ea^t  of 
Wailan,  descending  in  a  great  waterfall  to  the  lower  alcove  or  canyon, 
and  debouching  near  the  extreme  eastern  end  of  the  island. 

From  the  headwatera  of  Waihanaii  to  Kamakou,  the  highest  i)e4ik 
on  the  islands,  the  summit  region  consists  of  gently  sloping  or  hilly 
plateaus,  generally  swampy  and  cut  by  sharply  incised  ravines.  The 
elevation  of  this  plateau  is  only  2,000  feet  south  of  the  lei>er  settle- 
ment but  increases  to  3,500  south  of  Waikolu  and  to  over  4,000  between 
Waikolu  and  Pelekunu.  Parts  of  the  plateau  project  between  the 
canyons,  contrasting  sharply  against  the  precipices  of  alcoves  and  (lali. 
From  Kamakou  for  several  miles  eastward  there  is  no  central  plateau, 
or  only  fragments  of  it.  The  drainage  from  north  and  soutli  has  cut 
in  deei)er  and  left  only  a  sharp  and  jagged  ridge.  But  between  Wai- 
lau  and  Ilalawa  there  are  again  several  square  miles  of  the  upper 
surface  left. 

The  south  slope  of  the  island  is  very  different  from  the  northern. 
South  of  the  divide  the  plateau  gradually  changes  to  a  sharper  slope, 
over  which  the  water  courses  find  their  way  in  small  cascades  and 
falls.  This  decide<l  slope  is  most  accentuated  on  the  Kawela,  but  is 
noticeable  all  along  the  south  side  of  the  island.  The  lower  declivi- 
ties, up  to  an  elevation  of  800  feet  above  the  sea,  are  again  gentle, 
having  an  inclination  of  from  5°  to  8°,  and  a  fringe  of  narrow  flats 
follows  the  coast  line.  Instead  of  a  few  great  canyons,  some  forty  or 
fifty  gulches  and  i*avines  form  the  drainage  ways  of  the  southern  slope. 
All  of  these  have  the  same  characteristics,  namely,  a  straight  course, 
small  drainage  area,  sharp  grades,  especially  in  their  middle  por- 
tion, and  very  abruptly  incised  sides,  rarely,  however,  cut  more  than 
400  or  500  feet  below  the  sloi)e  of  the  surface.  These  conditions  are 
the  natural  result  of  a  comparatively  recently  established  dnunag*^ 
system  over  the  smooth  sides  of  a  volcanic  cone.  East  from  Kawela 
the  straight,  steep  gulches  are  even  more  numerous  than  in  the  western 
part.  PI.  Ill,  A,  shows  the  great  Kamalo  Gulch  back  of  the  planta- 
tion of  the  same  name.  It  illustrates  well  the  V-shape<l  form  of  the 
canyons  as  well  as  the  partially  preserved  surface  of  the  old  lava  cone. 
On  the  whole,  the  streams  draining  north  are  permanent,  while  those 
draining  south  carry  water  only  during  the  rainy  season,  and  then 
intermittently. 

GEOLOGY. 

Like  the  other  islands  of  the  Hawaiian  group,  Molokai  is  almo^t 
entirely  of  igneous  origin.  It  is  a  volcanic  cone  built  up  in  the  niiil- 
dle  of  the  ocean  by  a  great  number  of  superimposed  basaltic  flows. 
The  island  is,  in  fact,  like  Maui,  formed  by  two  volciinoes,  and  thesr- 
two  cones  are  separated  by  a  low  gap  on  which  secular  disintegration 
has  reduced  the  basalt  to  a  deep  red  soil. 
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The  west  end  forms  one,  separate  and  complete,  though  compara- 
tively low  cone.  Partly  obliterated  craters  are  still  visible  near  the 
summit,  between  Mauna  Loa,  Kaana,  and  Amikopala.  The  cone  is 
not  very  regular,  and  secondary  centers  of  eruption  were  probably 
located  near  the  southwest  and  northwest  comers  of  the  island.  The 
steep  pali  running  north  from  Mauna  Loa  to  the  coast  indicates  a  dis- 
location along  which  the  east  side  has  dropped  a  few  hundred  feet. 

The  main  or  eastern  part  of  the  island  is  not  of  so  simple  a  struc- 
ture. It  represents  one  part,  and  probably  the  smaller  part,  of  a 
large  volcano,  the  northern  part  having  dropped  down  along  a  great 
break  or  dislocation  to  a  depth  of  from  a  few  liundred  to  3,000  or  even 
4,000  feet.  Thus,  the  great  northern  pali,  described  in  the  pi'evious 
pages,  is  really  a  break  or  a  fault  line,  which  split  the  volcano  in  two. 
The  evidence  of  this  is  clear  and  convincing.  The  slopes  of  the  lava 
flows  are  everywhere  to  the  south,  from  4°  to  13°;  even. in  the  cliffs 
of  the  north  coast  the  same  inclination  is  observed.  This,  in  conjunc- 
tion with  the  form  of  the  island,  shows  that  a  part  of  the  volcano  has 
been  removed.  Neither  wave  action  nor  erosion  by  running  water 
could  possibly  have  produced  such  an  escarpment  as  that  of  the  great 
pali,  reaching  3,000  feet  in  height.  The  work  of  erosion  on  this  cliff 
is  shown  plainly  enough  in  the  great  alcoves  cut  by  the  water  courses 
and  described  in  previous  pages.  This  erosion  is  still  cutting  south- 
ward and  the  divide  is  no  doubt  steadily  migrating  in  that  direction. 

Dana,  I  l)elieve,  was  the  first  to  insist  that  the  outlines  of  these 
islands  have  been  to  some  degree  determined  by  dislocations;  and  in 
his  Characteristics  of  Volcanoes^  is  the  only  reference  to  Molokai 
which  I  have  found  in  geological  literjiture.     It  is  as  follows: 

Molokai  was  once,  as  its  lava  streams  prove,  a  doublet  of  volcanoes  like  Mani, 
bnt  it  has  been  shaved  down  to  a  strip  of  land.  The  eastern  part  has  an  alcoved 
precipice  facing  the  north,  which  rises  to  a  height  of  2,500  feet  above  the  sea. 
Thus,  such  precipices  are  rather  the  rule  in  the  Hawaiian  group,  and  if  seashore 
erosion  is  not  the  origin,  fractures  and  subsidence  must  be. 

Dana's  view  of  the  causes  of  the  abrupt  topography  on  the  eastern 
coast  of  Oahu  has  been  disputed  ]>y  C.  II.  Hitchcock,*  who  believes 
that  the  action  of  erosion  is  suflBcient  to  account  for  it.  There  is  no 
doubt  that  deep  canyons  with  very  steep  walls  and  almost  perpen- 
dicular precipices  near  the  heads  of  the  water  courses  are  most  char- 
acteristic among  the  fonns  of  erosion  on  the  windward  side  of  the 
island,  and  that,  therefore,  some  caution  must  be  exercised  in  dis- 
criminating precipices  of  erosion  from  those  of  fault  scarps.  How- 
ever, in  the  case  of  Molokai,  Dana's  statement  is  undoubtedly  true; 
the  great  pali  is  most  certainly  a  fault  scarp  of  magnificent  size. 

The  low  peninsula  of  Kalaupapa,  the  only  land  of  importance  at 
the  foot  of  the  cliff,  seems  to  be  a  part  of  this  sunken  area,  still  above 
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wat(»r.  A  crater  and  several  lava  streams  still  remain  on  this  penin- 
sula and  are  better  preserved  than  most  of  those  on  the  south  side. 
The  gently  sloping  summit  plateau  does  not  contain,  as  far  a8  known, 
any  remaining  craters,  but  it  is  covered  by  extremely  thick  vegeta- 
tion and  few  parts  of  it  are  accessible.  Numerous  smaller  suberaters 
or  parasitic  cones  remain,  imperfectly  preserved,  on  the  long  southern 
slope  of  the  island.  The}'  generally  have  flat  tops — the  crater  fun- 
nels being  filled  in — and  intense  red  or  yeUow  colors  due  to  thermal 
action  on  the  lavas.  Such  are  Middle  Hill,  Puu,  Luahine,  Kakalahale, 
Maninibolo,  and  many  others. 

Similar  in  general  to  the  other  islands,  the  rocks  of  Molokai  consist 
almost  exclusively  of  dark  basaltic,  fine-grained  lavas  of  more  or  less 
porous  structure.  The  flows  are  thin,  and  range  from  a  few  feet  up  to 
50  feet  in  thickness,  but  rarely  exceed  the  latter  limit.  Laterallj'^  the 
flows  ai'e  ordinarily  not  continuous  over  a  great  distance,  hence  expo- 
sures or  wells  only  a  few  hundred  feet  apart  may  show  very  differing 
secticms.  Harder,  more  compact  lavas  alternate  with  exceedingly 
porous,  loose  breccias  or  agglomerates.  The  deei)est  parts  of  the 
gulches,  the  well  sections,  and  the  palis  at  Waikolu,  Pelekunu,  and 
Wailau  all  show  the  same  structure,  clearly  indicating  that  the  island 
has  been  built  up  by  rapidly  succeeding  thin  lava  flows.  The  probabil- 
ity is  very  strong  that  this  same  structure  and  the  same  kinds  of  rot^ks 
continue  down  to  a  depth  of  several  thousand  feet.  No  petrographic 
study  of  the  rocks  has  been  undertaken,  but  a  few  thin  sections  make 
it  evident  that  the  rocks  chiefly  consist  of  normal  feldspar  basalt, 
somewhat  glassy,  and  with  olivine,  occasionally  also  containing  pheno- 
crysts  of  soda-lime  feldspars.  Thus  far  the  only  kinds  of  rocks  recog- 
nized by  petrographers  in  the  Hawaiian  Islands  are  of  the  type  of 
feldspar  basalts,  with  occasional  occurrences  of  nepheline-basalts  or 
nepheline-melilite-basalts.  In  exploring  the  headwaters  of  Wailau, 
in  the  very  heart  of  the  dissected  volcano  of  Molokai,  howevx*r,  an 
interesting  occurrence  of  coarse-grained  intrusive  rock  was  found. 
C-rossing  the  gap  north  of  Mapulehu  one  descends  over  a  precipice 
leading  down  to  the  valley  of  Wailau  over  a  difficult  and  almost  dan- 
gerous trail,  which  finally  follows  the  bed  of  the  east  fork  down  to  its 
junction  with  the  larger  west  fork.  Down  to  the  junction  only  onli- 
nary  basaltic  rocks  are  met  with,  but  the  west  fork  is  full  of  heavy 
bowldei-s  of  a  dark-green,  coarse,  granular  rock,  manifestly  different 
from  anything  formerly  described  from  the  islands.  The  rock  was  not 
found  in  place,  nor  was  the  west  fork  followed  up  to  its  source,  where 
these  bowlders  must  come  from.  Indeed,  in  the  thick  tropical  jungle 
which  covers  the  whole  watershed  of  Wailau,  this  is  a  verj'  serious 
undertaking,  but  there  must  be  a  large  mass  of  this  rock  in  place,  too 
large  to  have  been  carried  up  by  the  eruption  of  the  lavas,  and  there- 
fore it  is  most  probably  an  intrusive  body  injected  into  the  volcanic 
masses  and  there  consolidated. 
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Upon  examination  in  thin  section  the  rock  presents  a  normal  coarse 
granular  structure,  without  glass,  and  consists  of  broad  laminas  of  a 
soda-lime  feldspar  not  far  from  anorthite.  Between  these  lie  grains 
of  a  pale- violet,  slightly  pleochroic  augite,  with  which  are  associated 
numerous  grains  of  an  iron  ore.  In  addition,  there  are  grains  of 
olivine,  slightly  serpentinized,  and  in  much  smaller  quantity  than  the 
augite.     The  rock  is  therefore  a  very  coarse  olivine-diabase. 

Mr.  Monroe,  the  superintendent  of  Molokai  ranch,  gave  me  a  small 
specimen  of  a  somewhat  similar  but  slightly  more  decomposed  rock 
which  he  had  broken  from  a  large  bowlder  in  one  of  the  principal 
streams  on  Kauai,  the  most  northerly  of  the  large  Hawaiian  islands. 
This  proved  to  be  very  similar  to  the  rock  just  described,  being  a 
coarse-grained  diabase.  A  remarkable  feature  of  the  rock  from 
Kauai  is  the  deep  purplish  color  of  the  augite.  It  is  only  slightly 
pleochroic. 

These  two  coarse-grained  rocks  are  the  only  occurrences  of  the  kind 
thus  far  found  in  the  Hawaiian  Islands. 

Unlike  Oahu,  Molokai  has  no  extensive  flats  of  sediment  soil  under- 
lain by  coral  and  tuffs.  The  sediments  are  chiefly  confined  to  small 
strips  and  ai*easof  less  than  200  acres,  and  occur  at  intervals,  especially 
near  the  mouths  of  the  gulches  along  the  south  coast  from  Palaau  to 
Pukoo.  The  soil  is  ordinarily,  at  no  great  depth,  underlain  by  basaltic 
lava.  Rarely  is  there  a  thin  layer  of  coral  rock  between  the  soil  and 
the  lava  rock. 

The  gap  or  the  space  between  the  two  volcanoes  which  make  up  the 
island  is  of  a  rolling  character  and  is  covered  by  soil.  A  considerable 
part  of  this  gap  is  covered  by  sediment  soil,  fine  red  soil,  and  well- 
rolled  gravel,  mixed.  This  sediment  is  doubtless  chiefly  carried  down 
from  the  east  side,  and  antedates  the  time  when  the  volcano  was  split 
in  two  and  the  northern  half  engulfed  in  the  sea. 

As  may  be  expected,  the  extremely  steep  gulches  from  Kawela  east- 
ward have  brought  down  big  fields  of  bowlders  from  the  slopes  above 
(PI.  II,  B), 

CORAL  REEFS. 

A  coral  reef  from  one-half  to  1  mile  wide  fringes  practically  the 
whole  southern  coast  of  the  island.  The  parts  adjacent  to  the  main 
gulches  are  gradually  being  filled  up  by  mud.  Thus,  the  island  is 
gradually  growing  out  in  this  direction.  Seen  from  a  high  point,  the 
reddish  mud  flats  skirting  the  shore  contrast  strongly  against  the 
brilliant  emerald  green  of  the  reef;  and  beyond  this  is  the  dark  violet- 
blue  color  of  the  deep  sea. 

Small  amounts  of  coral  rock,  indicating  a  former  higher  water  level, 
are  found  all  along  the  southern  coast;  usually  these  only  reach  25 
feet  above  water  level,  though  in  one  place — near  Puu  Maninibolo — 
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this  old  coral  reef  extends  ap  to  130  feet  above  the  sea.  The  submer- 
gence was  evidently  of  short  duration. 

The  coral  sand  carried  up  by  the  waves  forms  a  very  narrow  fringe 
all  along  the  southern  coast.  A  large  dune  wall  of  coral  sand,  abont 
12  feet  high,  skirts  the  western  coast  at  Papohaku  flats. 

Though  the  coral  reefs  on  the  northern  or  windward  side  are  not 
extensive,  a  veiy  large  area  of  dune  sand  occurs  north  of  the  gap  and 
extends  for  several  miles  westward,  having  a  width  as  great  as  4,i«h> 
feet.  The  locality  is  particularly  exposed  to  the  full  force  of  the 
trade  winds,  and  the  sand  is  carried  up  to  the  top  of  a  500-foot  hill, 
where  it  accumulates  in  dunes  which  reach  a  thickness  of  20  feet. 
Westward  the  sands  finally  reach  the  two  creeks  emptying  near  Papo- 
haku, from  which  repositories  the  winter  floods  carry  them  down  to 
the  sea.  Part  of  these  dunes  are  consolidated  to  hard  s*indstont*s. 
In  some  of  these  are  seen  peculiar  footprints  which  are  similar  to, 
and  yet  somewhat  different  from,  the  imprint  of  a  human  foot.  Then? 
are  also  many  obviously  recent  inscriptions,  etc.,  and,  as  the  Ilaw^aiians 
are  not  altogether  averse  to  a  practical  joke,  the  real  character  of  these 
footprints  may  as  yet  be  left  an  open  question. 

CLIMATE. 

In  regard  to  tomi)erature,  the  island  possesses  the  same  equable  cli- 
mate as  that  enjoyed  by  the  others  of  the  same  group;  frost  probably 
never  occurs,  even  at  the  highest  elevations.  The  trade  winds  are 
strong,  especially  during  the  winter  months  and  on  the  northern 
coast.  Du'.ing  long  periods  it  is  impossible  to  effect  a  landing  at  the 
settlements  of  Wailau  and  Pelekunu.  Even  along  the  south  coast 
the  winds  are  usually  strong  in  the  afternoon,  and  over  the  bare  west 
end,  or  Kaluakoi,  and  over  the  gap  the  breezes  sweep  without  hin- 
drance. There  is  in  general  a  wet  season,  extending  from  October 
until  tlu^  end  of  May,  and  a  dry  season  including  the  summer  months. 
On  the  whole,  the  west  end,  the  gap,  and  the  south  shore  as  far  a.s 
Kamalo  are  included  in  the  arid  zone  of  the  island,  while  the  whole 
northeasterly  part  may  be  counted  as  one  of  abundant  precipitation. 
All  points  over  2,500  feet  in  elevation  receive  an  abundant  rainfall. 
Most  of  this  falls  in  the  winter,  but  showers  occur  at  inter\'als  all 
through  the  summer.  Accurate  data  regarding  rainfall  extending 
over  any  considerable  period  are  not  obtainable. 

Data  .collected  by  Dr.  Morritz  at  Mapulehu,  on  the  southern  coast 
and  the  eastern  part  of  the  island,  from  1894  to  July,  1890,  show  an 
average  annual  precipitation  of  34  inches  with  but  little  variation 
and  no  apparent  decrease.  The  maximum  precipitation  is  usually  in 
December,  with  as  much  as  6  inches,  while  the  minimum  monthly 
precipitation  in  the  summer  is  1  inch. 

At  Kaunakakai  no  record^  have  been  kept  except  for  a  month  or 
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two  in  1900,  but  it  is  apparent  that  the  rainfall  decreases  rapidly  west 
of  Mapulehu.  The  probable  annual  rainfall  at  Kaunakakai  does  not 
exceed  10  inches,  thus  indicating  a  very  dry  climate.  About  2  inches 
are  said  to  have  fallen  in  January,  1900.  About  1^6  of  an  inch  fell 
April  24,  1900,  while  since  that  time,  uj)  to  July  1,  1900,  there  were 
only  slight  showers  at  great  intervals;  a  little  rain  fell  June  23,  and 
again  a  little  on  June  27  and  28. 

There  are  indications  that  the  rainfall  at  Palaau,  on  the  south  side 
of  the  gap,  is  somewhat  larger  than  at  Kaunakakai,  and  this  is,  indeed, 
to  be  expected,  for  its  position  is  more  open  to  the  northeasterly  trade 
winds.  On  the  north  side  of  the  gap  precipitation  is  still  further 
increased,  as  is  indicated  by  the  strong  growth  of  grass,  remaining 
green  up  to  June  1. 

At  Molokai  ranch,  at  an  elevation  of  850  feet  and  only  a  short  dis- 
tance from  the  gap,  records  have  been  kept  by  Messrs.  Schleifer  and 
Monroe  since  January,  1899,  with  the  following  results: 


Rainfall  at  Molokai  ranch. 


Month. 


18B9. 


January  . 
February 
March  _ .  _ 

April 

May 

June 


July 

August  - . . 
September 
October.. - 
November 
December. 


Inches. 
2 

3.75 
3 

1.90 
.50 

(«) 

(«) 

(«) 

(«) 
1.23 

1.29 

1.71 


Total  recorded ...J     15.38 


1900. 


Inches. 
2.69 
4.14 
1.36 
5.30 
.83 
2 


a  No  record. 

The  figures  for  1808-99  are  incomplete.  The  season  was  one  of 
great  deficiency  in  rainfall,  and  this  dry  winter  was  followed  by  an 
excei)tionally  dry  summer.  The  total  for  the  rainy  season  1899-1900 
is  20.55  inches,  indicating  an  annual  rainfall  at  this  place  of  about  22 
inches. 

At  Meyer's  ranch,  at  an  elevation  of  1,400  feet,  about  2  miles 
northeast  of  Molokai  ranch,  records  were  kept  for  some  time  by  Mr. 
R.  W.  Meyer,  but  I  have  only  been  able  to  obtain  those  of  1801. 
This  year  was,  as.  the  records  show,  an  exceptionally  dry  one  on  Oahu 
and  Maui.  At  Honolulu  23  inches  fell  that  year  against  a  normal 
rainfall  of  38  inches.  It  is  believed  that  the  latter  figure  represents 
the  normal  rainfall  at  Meyer's  ranch. 
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Precipitation  in  1891  at  Meyer*8  ranch. 

tnches. 

January 7.65 

Febrnary 3.^ 

March : .36 

April 4.35 

May ._ : 1.63 

June - -   .   None. 

July None. 

Aagtist -  -   - .    None. 

September None. 

October I 4.40 

November _  _ _ _ _ .30 

December _ .        1. 26 

Total 23.13 

Above  an  elevation  of  2,000  feet  in  this  part  of  the  island  almost 
daily  showers  occurreil  from  April  1  to  May  28,  1900,  and  this  is  prob- 
abl}'  the  normal  condition  during  the  winter  months.  Dry  and  warm 
weather  prevailed  from  May  28  to  June  8,  when  light  showers  fell. 
Again,  on  June  23,  26,  and  27  there  was  a  considerable  amount  of 
rainfall. 

Regarding  the  quantity  of  rainfall  in  the  mountains  there  is  scant 
information.  The  annual  precipitation  probably  reaches  100  inches 
at  elevations  of  3,000  and  4,000  feet  and  is  not  far  from  this  amount 
over  a  considerable  area  on  the  north  slope  on  the  headwaters  of 
Waikolu,  Pelekunu,  and  Wailau. 

It  has  been  assert4>d  that  the  rainfall  on  Molokai  is  decreasing.  As 
far  as  the  data  go  there  is  nothing  to  prove  such  an  assertion.  It 
is  no  <loubt  true  that  the  island  formerly  supjM^ted  a  much  denser 
population;  this  is  indicated,  for  instance,  by  many  old  garden 
patches  at  streams  which  are  now  dry  or  carry  water  only  intermit- 
tently. All  this  is,  however,  most  probably  directly  chai-geable  to 
the  destruction  of  the  forests  and  the  following  iri-egularity  or  disap- 
pearance of  the  water  supi)ly. 

SOILS. 

The  soils  of  Molokai  are  similar  to  those  of  the  other  islands  of  the 
Hawaiian  group  and  are  usually  of  great  fertility.  They  may  be 
divided  into  residual  and  sedimentary  soils. 

The  residual  soils  result  from  the  gradual  decomposition  of  the 
basaltic  lavas  and  are  usually  deep  red,  very  rich  in  iron  and  in  sub- 
stances nectessary  for  plant  growth. 

The  sedimentary  soils  are  partly  of  a  deep-red  color,  partly  dark 
brown,  and  not  very  different  in  character  from  the  residual  soils; 
they  consist,  in  fact,  of  the  same  substance  merely  transported  and 
redeposited.  In  a  few  places  along  the  immediate  coast  line  are 
small  areas  covered  by  coral  sand,  consisting  largely  of  carbonate  of 
lime,  usually  more  or  less  mixed  with  detritus  from  the  hills. 
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The  west  end  of  the  island  contains  a  very  great  amount  of  good, 
smooth  land,  with  excellent  soil.  In  fact,  the  larger  part  of  Kaluakoi 
is  of  this  character,  excepting  the  southern  slope  of  the  long  ridge 
extending  from  Mauna  Loa  to  the  light-house,  the  extreme  northern 
and  western  portion,  and  the  steep  slope  extending  from  Mauna  Loa 
northward  to  the  sea.  The  soil  is  residual  in  character.  Unfortu- 
nately there  is  no  feasible  way  of  bringing  water  on  this  part  of  the 
island.  It  is  at  present  used  for  sheep  ranches  and  cattle  range, 
being  covered  by  a  fine  growth  of  nutritious  grasses. 

The  finest  body  of  agricultural  land  on  the  island  is  situated  in  the 
^reat  gap,  and  has  an  area  of  about  14,000  acres.  The  principal 
problem  of  the  water  supply  of  the  island  is  how  to  bring  the  water 
from  that  part  which  receives  an  abundant  precipitation  to  this  arid 
portion  containing  the  rich  soils.  This  area  of  gently  rolling  hills  is 
covered  by  a  deep-red  soil  unexcelled  for  purposes  of  sugar  growing. 
To  a  great  extent  it  is  a  sediment  soil,  as  shown,  for  instance,  along 
the  western  plantation  fence  near  Mauna  Loa  Creek,  where  it  follows 
the  cane  planted  January,  1900.  At  this  place  a  depth  of  from  20  to 
30  feet  of  fine  soil  and  disintegrated  washed  gravels  is  observed,  rest- 
ing on  basaltic  lava.  This  formation  no  doubt  underlies  a  large  por- 
tion of  the  cane  lands.  A  part,  however,  of  the  eastern  area  on  the 
rising  hills  is  covered  by  residual  soil  derived  from  rock  in  place. 

On  the  south  shore  there  is  a  strip  of  low  cane  land  near  the  opast 
at  Palaau,  but  the  main  body  of  deep  soil  does  not  begin  until  an  ele- 
vation of  about  200  feet  is  reached.  The  total  area  of  cane  land  at 
Palaau,  below  an  elevation  of  50  feet,  is  374  acres. 

Al>ove  an  elevation  of  800  feet,  on  the  east  side  of  the  gap,  there  is, 
between  the  deeply  incised  canyons,  a  considerable  amount  of  smooth 
land  covered  by  grass  and  underlain  by  rich  soil;  but  besides  being 
cut  up  these  areas  are,  by  reason  of  their  elevation,  less  suited  for 
sugar  cane,  though  well  adapted  for  other  crops.  Thus,  at  an  'eleva- 
tion of  1,400  feet,  on  the  Meyer  ranch,  coffee  is  successfully  cultivated 
in  shiuly  places  without  irrigation. 

East  of  this  point  the  island  contains  a  relatively  small  amount  of 
economically  valuable  soils.  On  the  south  coast  the  rocky  slopes 
reach  almost  to  the  sea,  leaving  only  in  places  narrow  fringes  of  level 
land.  On  the  north  side  the  mountains,  as  indicated  above,  are  very 
precipitous,  and  there  is  no  arable  land  except  small  patches  along 
the  coast  at  the  mouths  of  the  rivers. 

At  high  elevations  the  rock  is,  as  a  rule,  much  decomposed  and 
retains  water  much  better  than  do  the  stony  slopes  lower  down.  In 
the  high  swamps  the  mud  is  rarely  over  2  feet  deep,  and  solid,  though 
decomposed  rock  comes  frequently  to  the  surface.  The  color  of  the 
soil  in  the  swamps  is  grayish  or  white,  showing  that  only  ferrous  oxide, 
produced  by  the  reducing  influences  of  organic  acids,  is  present.  Af  t^r 
the  swamps  have  dried  up  and  the  trees  and  ferns  die,  as  has  happened 


20  WATER   BES0UBGE8   OF   MOLOKAI.  >o.n. 

over  large  areas  in  the  high  central  parts  of  the  island,  this  ferrons 
oxide  under  the  influence  of  the  air  rapidly  changes  to  ferric  oxide. 
This  forms  a  dark-red,  hard-pan  area  on  the  surface  which  is  very 
detrimental  to  young  plants  just  rooting.  This  compact,  dark- red  soil 
is  really  an  iron  oi'e.  A  sample  examined  by  Dr.  E.  T.  Allen  contained 
43. 88  per  cent  of  metallic  iron.  This  is  one  of  the  reasons  why  the  refor- 
esting of  dried  swampy  areas  is  such  a  slow  and  difficult  process. 

For  some  distance  east  of  Palaau  there  is  a  strip  of  sediment  land 
along  the  coast  containing  110  acres.  Toward  the  sea  this  is  joined 
by  a  salt  marsh  and  toward  the  north  by  a  rocky  slope,  which  in  part, 
however,  can  be  planted.  Near  the  cocoanut  grove,  H  miles  west  of 
Kaunakakai,  are  150  acres  of  excellent  level  soil  underlain  bv  5  to  10 
feet  of  coral  which  again  rests  on  solid  lava.  At  Kaunakakai  Hl>out 
100  acres  of  level  rich  soil  are  available.  Between  Eawela  and 
Kaunakakai  is  a  narrow  strip  of  soil — mostly  coral  sand — which  is 
covered  by  a  thick  growth  of  algarobas.  At  Kawela  there  is  a  consid- 
erable extent  of  sandy  soil,  practically  all  of  which  belongs  to  small 
native  holdings.  At  Kamalo  again  several  hundred  acres  of  good 
soil  are  available,  and  from  this  place  to  the  east  point  of  the  island 
a  number  of  more  or  less  extensive  flats  follow  the  coast,  manv  of 
which  are  cultivated  on  a  small  scale.  The  lower  part,  of  the  valleys 
of  Ilalawa,  Wailau,  Pelekunu,  and  Waikolu  contains  a  small  amount 
of  lands  chiefly  devoted  to  the  growing  of  taro  on  a  small  scale. 

VEGETATION. 

In  regard  to  vegetation,  the  southern  side  of  the  island  may  be 
separated  in  several  zones.  There  is  first  the  immediate  coast  fringe, 
distinguished  by  cocoa  palms  and  algarobas;  the  barren  zone;  the 
belt  of  the  grass  lands;  and  finally  the  high  forests. 

The  southern  coast  is  fringed  by  a  narrow,  bright-green  zone  of 
thick  and  luxuriant  algaroba  trees  (a  variety  of  mesquit)  which 
furnishes  excellent  firewood.  The  abundant  l>ean  pods  of  the  tree  are 
used  as  forage  for  cattle  and  horses.  This  strip  is  only  a  few  hundred 
feet  wide,  but  extends  from  Kawela  Creek,  almost  without  interruption, 
to  a  point  a  few  miles  west  of  Palaau.  The  western  coast  supports 
at  Papohaku  a  few  small  and  stunted  groves  of  the  same  tree ;  the 
northern  and  eastern  coast  is  too  humid  to  permit  the  growth  of  this 
essentially  arid-land  tree.  Occasionally,  near  springs  at  the  seashore, 
the  lahale  trees  appear,  with  clumps  of  bare  trunksand  palm-like  tufts 
of  leaves.  This  produces  a  fiber  used  for  the  manufacture  of  hats, 
etc.  There  is  a  large  cocoanut  grove  one  mile  west  of  Kaunakakai. 
Few  groves  of  this  palm  are  planted  east  of  this  on  the  southern  coast, 
though  many  places  are  excellently  adapt^ed  for  this  purpose.  Big 
thickets  of  the  obnoxious  weed  Lantania  grow  on  the  coast  near 
Kawela. 
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The  barren  zone  of  rough  lava  bowlders,  with  only  a  few  bushes 
adapted  to  a  dry  climate,  extends  along  the  south  coast,  from  the 
western  point  of  the  island  to  beyond  Kamalo  on  the  east.  At  Palaau 
it  reaches  an  altitude  of  200  feet;  at  Kaunakakai,  1,000  feet;  and  at 
Kawela,  2,000  feet.     Toward  Mapulehu  the  grasses  reach  sea  level. 

The  pasture  lands  are  covered  by  a  thick  carpet  of  manania  (a 
variety  of  Bermuda  grass)  or  delicate  tufted  Pele  grass.  Above  a 
certain  elevation  (about  500  feet  on  the  west  end)  these  give  way  to 
annual  grasses.  Almost  the  whole  of  Kaluakoi,  or  the  west  end,  is 
covered  by  pasture  land;  likewise  the  gap,  excepting  the  arid  strip 
near  Palaau.  Both  of  these  areas  are  practically  treeless.  During 
the  arid  season  the  grass  dries  up.  In  the  creeks  and  canyons  east  of 
the  gap  are  found  groups  of  kukui  trees,  with  their  smooth  trunks 
and  yellowish-green  foliage  bright  with  an  almost  silvery  sheen. 
This  is  also  called  the  candle  tree,  on  account  of  producing  a  nut 
rich  in  oil.     Many  of  these  groups  show  signs  of  damage  by  cattle. 

Isolated  wili-wili  trees  are  also  noted,  with  their  coral  red  bean  and 
peculiar  habit  of  shedding  their  leaves  in  the  summer.  Scattered  cac- 
tus trees  and  hau  bushes  complete  the  meager  flora  of  this  zone.  The 
finest  and  healthiest  groves  of  kukui  trees  are  found  in  the  different 
branches  of  Meyers  Creek  above  Meyer's  ranch  at  elevations  of  about 
1,CKX)  feet.  Parasitical  ferns  grow  in  profusion  on  the  tree  trunks. 
Papaia  trees  and  coffee  bushes  do  well  wherever  planted  in  these  shaded 
canyons. 

As  the  elevations  increase,  the  grassy  ground  gradually  becomes 
more  swampy.  Near  Meyer's  ranch  the  pastures  are  diversified  by 
thick  bushes  of  wild  guavas,  and  ferns  grow  luxuriantly  in  the  little 
gulches.  Groing  upward  from  Meyer's  ranch  over  swampy  pastures 
and  partly  decayed  forests,  sometimes  crossing  little  canyons  thick 
with  a  growth  of  ferns,  one  is  suddenly  and  unexpectedly  stopped  by 
the  great  precipice,  the  northern  pali,  here  descending  abruptly  1,500 
feet  to  the  sea,  and  showing  along  its  steep  escarpment  the  broken 
succession  of  the  dark  lava  flows  (PI.  IV,  A).  Far  l)elow,  a  silveiy 
white  fringe  of  breakers  marks  the  shore.  A  rocky  peninsula  extends 
at  the  foot  of  the  pali,  and  on  its  western  side  we  notice  a  prosperous- 
looking  town  with  regular  streets  and  white  cottages.  Several 
churches  and  larger  buildings  are  also  seen,  and  many  of  the  houses 
are  surrounded  by  bright  green  gardens.  This  is  the  leper  settlement 
of  Molokai.  A  steep  and  somewhat  dangerous  trail  leads  down  to  the 
town.  The  inmates  of  the  settlement  are  not  allowed  south  of  the  pali, 
and  at  the  litth*  gate  at  the  summit  of  the  trail  the  unfortunates  con- 
fined in  the  settlement  often  meet  their  friends. 

In  this  vicinity  the  forests  begin  at  an  elevation  of  2,500  feet,  but 
the  trees  are  in  poor  condition  and  on  large  areas  are  dying.  It  should 
be  observed  that  all  forests  on  this  island  grow  on  swampy  ground. 
Open  forests  with  trees  growing  on  dry  ground  do  not  exist.     The 
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lehua,  a  m^'rtaoeous  tree,  in  several  varieties  is  most  abundant.  It 
ha«  dark-green  foliage  and  bright-red  flowery  tassels  during  the  sprinj; 
months.  The  height  is  usually  up  to  30  to  40  feet.  More  (roniDion 
on  the  north  slope  is  the  ohia  or  mountain  apple,  and  the  koa  with 
its  exceptionally  hard  wood.  Around  the  moss-covered  roots,  fre- 
quently branching  above  ground,  cluster  the  thick  ului  ferns  {Glaih 
chen  ia)y  and  intermingled  with  the  lehuas  rise  the  pulu  ferns  (  Ciboiium) 
with  their  widespreading  fronds  up  to  15  feet  high.  The  whole  is 
interwoven  with  a  mass  of  toagh  eea  vines  (a  kind  of  Pandanus  or 
climbing  screw  pine)  to  a  thicket  which  usually  is  almost  impenetrable 
except  along  the  l)eaten  trails. 

From  Meyers  Lake  to  east  of  Kanlahuki  the  forests,  once  said  to  be 
thick  and  healthy,  are  in  a  decaying  condition.  Ealamaola  swamp 
is  now  partly  dried.  Around  Kanlahuki  extends  a  comparatively  dry 
high  plateau,  and  the  peak  itself  is  easily  accessible.  Going  up  over 
this  plateau,  rolling,  grassy,  and  cut  by  sharply  eroded  little  canyons, 
one  comes  suddenly  to  the  great  alcove  canyon  of  Waikolu.  The 
plateau  is  cut  off  sharply  as  with  a  knife;  the  eye  sweeps  down  the 
black  abyss  of  the  precipices  of  the  Upper  Waikolu,  and  then  down 
the  V-shaped  canyon  to  the  sea.  Narrow  streams  of  water  descend 
the  faces  like  silvery  threads  on  a  black  background.  But  at  every 
place  where  there  is  a  possibility  of  foothold  a  rank  vegetation  covers 
the  rocks,  and  where  the  walls  become  a  little  less  abrupt  there  is  a 
solid  area  of  dark-green  foliage.  At  the  brink  of  the  canyon  the 
mornings  are  often  calm  and  clear,  but  before  noon  the  sky  and  the 
sea  mingle  in  one  hazy  bank  and  the  strong  trades  drive  dripping 
mists  and  intermittent  showers  over  the  swampy  highlands. 

A  short  distance  east  of  Kanlahuki  the  horse  trail  ends  and  the 
whole  country  is  covered  by  thick,  healthy  vegetation.  Above  Kawela 
the  forests  formerly  descended  far  below  Kolekole  hill  to  an  eleva- 
tion of  3,0(X)  feet.  In  its  normal  healthy  condition  the  forest  now 
extends  along  a  width  of  only  one-half  mile  on  the  southern  slope. 
Traversing  this  thick  swamp,  clambering  over  slimy,  moss-covered 
roots,  and  wading  through  deep  mud,  one  suddenly  emerges  on  the 
Pelekunu  pali  at  an  elevation  of  4,500  feet.  From  this  point  can  be 
seen  the  whole  of  Pelekunu  drainage  and  part  of  Wailau,  a  green, 
impenetrable  wilderness  bordered  by  nearly  perpendicular  cliffs. 
Trails  are  said  to  cross  the  island-  into  Waikolu  and  Pelekunu,  but 
they  are  dangerous  and  difl&cult. 

From  Mapulehu  an  exceedingly  bad  though  not  particularly  dan- 
gerous trail  leads  over  into  Wailau.  Guided  by  Mr.  Theodore  Meyer 
I  ascended  the  steep  grassy  slopes  from  Mapulehu  to  a  more  gently 
sloping  path  between  narrow  canyons,  along  which  kukui,  wild 
orange,  and  guava  grow  in  profusion.  We  made  camp  at  the  edge 
of  the  forest  1,550  feet  above  Mapulehu.  The  next  morning  at  sun- 
rise a  magnificent  view  was  obtained  of   Haleakala,  Maui's  gpreat 
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volcano,  with  its  gigantic  crater,  seemingly  only  a  few  miles  distant, 
but  within  a  short  time  the  usnal  clouds  again  hid  the  summit  of  the 
Qkountain.  The  track  now  enters  the  forest  and  ascends  1,200  feet 
in  1  mile,  through  lehua  roots  and  mud,  to  Wailau  Gap,  which  has 
the  comparatively  low  elevation  of  2,750  feet.  The  forest  seems 
healthy,  but  Mr.  Meyer  states  that  it  is  much  more  open  than  for- 
merly, probably,  due  to  grazing  of  cattle.  In  this  part  of  the  island 
there  are,  however,  few  cattle  compared  to  the  number  kept  in  the  west- 
ern part.  From  the  summit  the  extensive  view  over  Wailau  Valley 
reveals  the  same  impenetrable  sea  of  dark-green  forest  relieved  by 
bright  patches  of  wild  bananas  and  kukui  groves.  Over  slippery 
moss-covered  rocks  the  trail  descends  2,000  feet  in  1  mile  to  the  east 
fork,  which  may  be  followed  for  half  a  mile,  by  wading  through  water 
or  jumping  from  rock  to  rock,  down  to  the  junction  of  the  two  forks, 
at  an  elevation  of  about  600  feet.  Some  distance  before  the  east  fork 
is  reached  we  passed  an  abandoned  kuliana,  or  native  settlement,  with 
a  taro  patch  and  a  few  exceedingly  welcome  orange  ti'ees. 

The  Wailau  is  a  comparatively  large  stream,  and  its  waters  rush  with 
torrential  force  in  the  narrow  canyon.  There  is  no  further  cultivated 
ground  until  near  the  mouth  of  the  river,  where  considerable  taro  is 
grown  and  sent  over  by  steamer  to  the  leper  settlement,  partly  whole, 
partly  crushed  to  so-called  "  paiai "  and  packed  in  ti  leaves.  PL  III,  By 
represents  the  native  crew  of  the  little  steamer  Mokolii  engaged  in 
loading  paiai.  We  returned  the  same  day  to  the  camp  above  Mapu- 
lehu.     The  excursion  makes  an  extremely  arduous  day's  work. 

CAUSES  OF  DECREASE  OP  FOREST  AREA. 

^fany  theories  have  been  advanced  as  explanations  of  the  decay  of 
the  forest.  It  has  Iwen  attributed  to  cattle,  deer,  and  goats,  to 
decrease  of  rainfall,  and  to  a  disease  of  the  trees. 

It  is  evidently  true  that  for  many  years  the  island  has  been  over- 
stocked, especially  the  good  pastures  at  higher  elevations,  and  it  can 
easily  be  understood  how  the  damage  to  the  trees  is  effected.  The 
cattle  do  not  kill  the  trees  directly,  but  they  destroy  the  thick  growth 
of  ferns  and  grass  which  protects  the  roots  and  which  is  evidently 
essential  to  the  life  of  the  lehua  tree.  They  also  eat  the  young  trees 
just  coming  up  from  seed.  This  has  assuredly  been  the  most  promi- 
nent cause.  But  in  many  canyons  where  cattle  scarcely  can  find  their 
way,  as  well  as  in  some  parts  of  the  swamps  near  the  Pelekunu  pali, 
the  lehua  trees  are  also  dying,  which  indicates  that  the  tree  is  besides 
suffering  from  some  insect  or  fungus.  The  deer  do  less  harm  than 
the  cattle,  but  it  may  nevertheless  be  well  to  keep  their  number 
within  reasonable  limits.  In  lower  elevations  goats  abound,  which 
should  be  removed  as  thoroughly  as  possible,  for  they  completely 
destroy  the  already  scant  vegetation.  Sheep  have  lately  been  con- 
fined to  the  western  end  (Kaluakoi),  which  seems  most  suited  to  them. 
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*  All  in  all,  I  l)elieve  that  the  cattle,  in  part  aided  by  the  disease 
referred  to,  ar(»  responsible  for  the  dee^y  of  the  forests  and  that  it  is 
not  necessary  to  assume  any  material  changes  in  climate.  As  men- 
tioned, there  is  no  such  decay  noticeable  at  Mapulehu,  where  verj* 
few  cattle  have  been  pastured.  In  consequence  of  the  drying  up  of 
the  swamps,  the  rainfall  funs  off  rapidly  and  the  streams  l>ecome  more 
intermittent  and  torrential  in  charact,er,  as  indeed  is  very  clearly 
marked  in  the  case  of  Kawela.  To  remedy  these  conditions,  I  can 
only  suggest  the  exclusion  of  cattle  and  other  fern -destroying  ani- 
mals from  the  upper  mountain  region,  which  may  cause  the  swamp 
ferns  and  lehuas  to  grow  up  again.  The  hard  pan  mentioned  on  page 
20  is  a  serious  obstacle  to  reforestation.  Planting  certain  areas  of 
land  l)elow  the  swamps  by  eucalyptus,  acacia,  or  Monterey  cypress 
would  remedy  matters  to  some  extent. 

FAUNA. 

As  well  known,  the  native  Hawaiian  land  fauna  is  exceedingly 
scant.  A  number  of  small  birds  inhabit  the  forests.  Excepting  a 
few  centipedes,  the  objectionable  insects  are  few  in  number.  Many 
varieties  of  tree  snails  aiv  found,  often  of  beautiful  color  and  deli- 
cate shell  sculpture.  More  species  of  these  are  said  to  occur  on 
Molokai  than  on  adjacent  islands. 

The  intrcKluced  animals  are  deer,  goats,  and  cattle.  The  deer  are 
of  the  spotted  Japanese  variety  and  have  multiplied  rapidly-,  so 
rapidly,  indeed,  that  it  has  been  found  necessary  to  attempt  to  reduce 
their  numbers,  as  they  do  considerable  damage  to  the  vegetation. 
Their  principal  range  is  on  the  high  plateaus  a  few  miles  east  of 
Meyer's  ranch  at  the  e<lge  of  the  forest.  The  goats  have  likewise 
proved  a  nuisance,  and  it  is  difficult  to  keep  in  check  their  rapidly" 
growing  numbers.  They  chiefly  range,  practically  wild,  over  the  arid 
portion  of  the  southern  slope.  It  is  surprising  to  observe  their 
gymnastic  performances  when  a  band  of  them  is  scattered  browsing 
on  the  ledg(»s  of  canyon  cliffs  which  a  casual  observer  would  pro- 
nounce perpendicular.  The  sheep  kept  on  the  Molokai  ranch  are 
chiefly  confined  to  the  western  end  of  the  island.  Most  of  the  cattle 
are  now-  kept  on  Molokai  ranch,  including  the  west  end,  the  gap,  and 
a  part  of  the  southern  slope  as  far  as  Kawela.  Some  of  them  run 
almost  wild,  but  attempts  are  made  to  reduce  that  number,  and  also 
to  ke(»p  them  off  the  high  forest  areas.  The  island  has  been  heavily 
overstocked  with  cattle,  but  the  number  is  now  reduced.  £ast  of 
Kawela  there  are  comparatively  few.  For  a  limited  number  the 
western  half  of  the  island  is  a  most  excellent  range. 

CULTURE. 

Tradition  has  it  that  in  former  days  Molokai  supported  a  far  greater 
number  of  inhabitants  than  at  present,  and,  further,  that  the  forest 
covered  much  greater  areas,  even  occupying  part  of  the  now  treeless 
west  end  of  4he  island.     While,  as  explained  above,  it  is  doubtful 
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whether  the  rainfall  has  decreased,  it  in  certain  that  with  the  destruc- 
tion of  much  of  the  forest  areas  an  equalizing  element  of  much  impor- 
tance has  been  eliminated.  From  one  end  of  the  island  to  the  other 
the  coast  abounds  in  stone  fences  and  heiaus  or  square  incloaures  of 
stone  connected  with  the  worship  of  the  gods.  Evidences  of  old  cul- 
tivation are  apparent  at  a  number  of  now  arid  places.  Abandoned 
farms  are  found  in  the  valley  of  Wailau;  on  the  Pelekunu,  a  mile  or 
two  from  the  coast,  old  abandoned  plantations  of  pineapples  were 
noted.  Such  cultivation  as  now  may  be  carried  on  by  the  natives  is 
shiftless  and  imperfect.  Taro  is  raised  in  the  Lower  Wailau  and 
Pelekunu. '  Rice  fields  are  cultivated  by  Chinese  at  intervals  along 
the  southern  coast.  A  few  small  cocoanut  groves  are  planted,  but 
there  is  only  one  large  grove,  near  Kaunakakai,  said  to  have  been 
planted  by  Kamehameha  V.  Small  scattered  kulianas  contain  a  few 
oranges,  mangoes,  and  x)apaias.  On  the  whole,  it  is  clear  that  with 
proper  care  and  industry  the  island  could  support  a  far  greater 
number  of  people  than  dwell  on  it  at  present.  To  some  extent  this 
undesirable  state  of  affairs  is  doubtless  due  to  the  consolidation  of 
properties  into  larger  holdings  for  prospective  sugar  cultivation.  But 
there  is  also  a  decided  tendenc}^  of  the  natives  to  sell  their  small  hold- 
ings and  to  move  away  t»o  centers  like  Honolulu.  The  ranch  of  the 
Me^^er  Brothers,  located  about  5  miles  north  of  Kaunakakai,  shows 
what  can  be  done  even  with  comparatively  small  holdings  when  intel- 
ligent care  is  applied.  Cattle  are  raised  here,  as  well  as  some  coffee 
and  other  products. 

The  population  of  the  island  aggregates  about  2,4(X);  but  over 
1,000  of  this  number  are  located  in  the  leper  settlement  on  the  north- 
ern coast,  established  in  1865  and  embracing  about  8,000  acres.  Of 
the  remainder,  several  hundred  are  probably  Japanese  laborers,  as  the 
census  was  taken  in  1900,  when  there  were  many  of  this  class  at  Kau- 
nakakai and  Kamalo,  so  that  there  would  remain  only  about  1,000  peo- 
ple scattered  at.  I^elekunu,  Wailau,  Ilalawa,  and  the  southern  cojist 
as  far  west  as  Kawela,  for  along  the  real  arid  part  of  the  coast  there 
are  but  few  inhabitants.  The  total  assessed  value  of  Molokai  was 
only  $250,000  in  1807.  In  1900  this  figure  had  increased  to  about 
$G8G,000,  due  to  the  projects  for  sugar  plantation  advanced  that  year. 
In  1901,  after  the  partial  failure  of  these  attempts,  the  assessed  value 
decreased  to  $427,000,  The  Molokai  Ranch  Company,  a  corporation, 
controls  the  larger  part  of  the  lands  on  the  western  part  of  the  island 
as  far  east  as  Kawela,  and  make  a  successful  business  of  raising  cattle 
and  sheep  on  the  extensive  grass  lands. 

The  American  Sugar  Company,  closely  connected  with  the  Molokai 
Ranch  Company,  began  operations  in  1898  and  1899,  controlling 
nearly  the  whole  of  the  rich  body  of  land  in  the  gap,  and  the  coast  as 
far  east  as  Kawela.  It  was  proposed  to  bore  for  water  at  Kaunaka- 
kai, where  10,000,000  gallons  per  twenty- four  hours  (15.47  cubic  feet 


26  WATER  BESOURCES   OF   MOLOKAI.  [no. 


44. 


per  second)  were  expected,  and  to  raise  this  by  means  of  pumps  to  an 
elevation  of  400  feet  to  a  ditch  conveying  it  to  the  cane  lands  below 
the  350-foot  level.  It  was  further  intended  to  obtain  20,000,000  gal- 
lons (30.94  cubic  feet  per  second)  1  mile  east  of  Kaunakakai  and  con- 
duct it  to  a  point  2^  miles  away,  where  the  water  was  to  be  lifted  500 
feet  to  a  short  ditch  conveying  it  to  the  lowest  jwint  of  the  gap, 
whence  it  could  be  distributed  on  both  slopes.  Eighty  acres  of  seed 
cane  were  planted  on  the  Kaunakakai  flats  and  irrigated  from  a  well 
giving  1,000,000  gallons  in  twenty- four  hours  (1.55  cubic  fcjet  per 
second).  The  failure  of  the  Kaunakakai  wells  to  produce  the 
amount  expected  caused  a  change  in  the  plans.  It  was  decided  to 
bore  wells  at  the  mouth  of  Kawela  Gulch  and  raise  the  water  about 
70  feet  to  a  cement^lined  aqueduct,  which  should  convey  it  to  the 
high-lift  pump  mentioned  above.  Here,  too,  however,  the  quantity 
obtainable  at  one  point  seemed  insufficient,  and  diflBculty  was  experi- 
enced in  avoiding  contamination  by  salt  water.  Attempts  were  also 
made  to  find  water  by  deep  borings.  In  19(X)  the  company  decided 
to  abandon  operations  for  the  time  being,  and  thus  the  problem  how 
to  obtain  water  for  the  rich  sugar  lands  at  the  gap  still  remains 
unsolved. 

The  Kamalo  Sugar  Company  controls  the  coast  from  Kamalo  to 
Mapulehu.  In  this  distance  there  are  a  number  of  smaller  flats 
a|?gregating  a  considerable  area.  It  was  proposed  to  utilize  these  for 
sugar  cane  by  wells  bored  along  the  coast  and  raised  to  a  ditch  about 
70  feet  above  sea  level.  A  small  area  of  sugar  cane  for  seed  was 
planted  at  Kamalo  and  irrigated  by  means  of  a  permanent  small 
stream  at  the  head  of  Kamalo  Gulch.  The  water  was  taken  out  a 
short  distance  east  of  Kolekole  Peak  and  temporarily  conduct-ed 
down  in  a  ditch  along  the  ridge.  As  Kamalo  Gulch  often  contains 
running  water,  it  was  also  proposed  to  utilize  this  source.  *" 

WATER  SUPPLY. 

GENERAL  PRINCIPLES. 

The  fundamental  law  governing  the  water  supply  is  that  the  only 
source  of  fresh  water  is  the  rainfall.  A  part  of  this  rainfall  is  carried 
off  by  evaporation,  another  part  by  the  streams,  while  a  third  and 
largest  part  sinks  into  the  ground  and  gradually  finds  its  way  to  the 
gi'ound  water,  which  permanently  saturates  the  rocks  below  a  certain 
level. 

But  on  this  small  island,  built  up  of  extremely  porous  rocks,  and  sur- 
rounded by  salt  water,  peculiar  conditions  result.  In  the  absence  of 
any  impermeable  stratum  or  basins  filled  by  clayey  material,  such  as, 
for  instance,  exist  on  Oahu,  there  is  nothing  to  prevent  the  sea  water 
from  penetrating  the  rocks  freely  and  assuming  a  level  differing  but 
little  from  the  sea  level.  Below  a  certain  level  there  is  indeed  no 
reason  to  expect  anything  but  salt  water. 


i.iNTKmKN.1         GENEBAL   PKrNCIPLES   OF   WATEB   StTPPLY.  27 

• 

On  the  other  hand,  the  rain  water  also  sinks  freely  through  the 
porous  rocks  until  it  meets  the  sea  water.  Here,  at  the  permanent  water 
level,  it  is  held  by  the  counter  pressure  of  the  sea  water,  and  in  fact 
rests  like  a  sheet  on  the  same.  Between  the  underlying  salt  water 
and  the  fresh  water  on  top  of  it  there  is  an  intermediate  zone  of  vary- 
ing  width  in  which  the  two  mingle  to  form  brackish  water.  The  fresh 
waU»r,  always  receiving  additions  from  above,  is  slowly  but  steadily 
moving  to  the  only  outlet  it  can  find — that  is,  to~  the  springs  located 
along  the  sea  shore,  just  above  or  a  little  below  sea  level. 

The  surface  of  salt  water  is,  apparently,  near  the  coast  on  the  south 
side  of  the  island,  about  IGO  feet  below  the  surface  of  the  ground. 
Inland  this  level  sinks,  and  is  also  doubtless  deeper  on  the  north  than 
on  the  south  coast.  The  permanent  surface  of  fresh  water  rises  inland 
very  slowly,  so  that  a  mile  or  more  inland  the  water  in  wells  ma}'^ 
stand  only  a  foot  or  two  above  sea  level.  Only  at  Kawela,  a  few  hun- 
di-ed  feet  from  the  coast  line,  is  the  water  level  from  2  to  3  feet  above 
mean  sea  level,  and  in  this  place  a  more  abundant  underground  water 
supply  is  found  than  at  any  other  point  west  of  it.  This  generally 
low  .level  of  ground  water  is  a  distinctly  unfavorable  sign,  pointing  to 
small  precipitation  and  water  supply. 

The  one  feature  favorable  to  the  percolation  of  the  water  to  the 
southern  coast  line  is  that  the  lava  beds  all  slope  in  this  direction — 
that  is,  toward  Palaau,  Kaunakakai,  and  Kawela — thus  to  some  extent 
guiding  the  water  in  this  direction. 

On  the  north  coast  the  permanent  water  level  is  much  higher,  as 
indicated  by  the  number  of  strong  springs  coming  out  at  elevations 
of  from  300  to  500  feet  above  sea  level. 

Above  the  surface  of  the  ground  water  there  may  be  some  move- 
ment of  water  in  cracks  and  fissures,  but  there  is  no  permanent  and 
abundant  supply,  certainly  not  on  the  south  slope.  Thus,  tunneling 
on  this  slope  is  not  aj^t  to  develop  any  considerable  amount  of  wat-er, 
though  it  may  open  some  small  fissures  in  which  water  circulates. 
As  a  matter  of  fact,  very  little  water  has  been  developed  by  the  several 
tunnels  driven  near  springs  at  higher  elevations.  If  it  were  possible 
to  drive  a  tunnel  with  very  slight  grade  from  sea  level  or  from  near 
the  same,  such  an  opening  might  develop  a  considerable  amount  of 
ground  water;  but  this  would  be  attended  with  many  difficulties. 

There  is  considerable  irregularity  in  the  amount  of  water  available 
below  the  ground- water  level.  The  porosity  of  the  rock  changes  very 
rapidly;  open,  loose  agglomerates  are  laterally  adjoined  by  hard, 
much  more  imi>ervious  basalts.  Further,  the  drainage  conditions 
vary,  the  ground- water  surface  rising  higher  in  one  place  than  in 
another;  thus  in  closely  adjoining  wells  there  may  be  great  difference 
in  the  amount  of  water  available  from  the  same  level. 

The  water  from  the  flowing  streams  and  from  the  springs  emerging 
at  high  elevations  contains  practically  no  chloride  of  sodium,  this 
being  the  only  saline  constitutent  necessary  to  consider. 
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In  the  ^ound  water  along  the  coast  the  salinity  is  decidinlly  hiji^her 
except  where  the  gi-ound  water  is  mingled  with  water  sinking  from 
intermitt(*nt  streams.  The  salinity  increases  with  the  distance  from 
the  centt^r  of  maximum  i^recipitation.  Thus,  at  Palaau  the  water 
contains  00  grains,  at  Kaunakakai  50  grains,  and  at  Kawela  2o  grains 
per  gallon. 

In  the  following  pages  the  available  water  resources  will  \wt  described 
under  the  head  of  springs,  streams,  and  welLs. 

SPRINGS. 

The  springs  coming  out  on  the  southern  slope. of  the  island  may  lie 
divided  in  three  classes:  First,  those  emerging  at  sea  level.  These 
are  very  numerous,  and  often,  by  reason  of  their  vicinity  to  seashore, 
more  salty  than  the  normal  ground  water.  Second,  those  appeariiiir 
at  elevations  from  1,000  to  2,500  feet.  Between  the  sea  level  ami 
1,000  feet  no  permanent  springs  appear,  at  least  not  west  of  Kamalo. 
Thiixl,  those  of  the  summit  region  feeding  the  i>ermaneiit  streams. 
These  will  be  mentioned  under  the  heading  of  "Running  streams."^ 

On  the  north  jcoast  springs  are  more  numerous  and  larger  and 
emerge  at  any  elevation.  Strong  springs  appear  in  the  Wailau  and 
Pelekunu  at  from  300  to  GOO  feet  above  sea  level. 

SPRINGS  ON  SEASHORE. 

No  permanent  springs  are  known  on  the  whole  north  and  west  coast 
of  Kaluakoi  or  the  west  end.  A  small  spring  has  long  been  known 
to  emerge  on  the  south  side  of  the  ridge,  near  the  summit,  2  miles 
east  of  the  light-house,  at  at  elevation  of  180  feet,  but  it  dried  up  in 
1898  and  has  not  been  running  since.  At  Waiakane,  well  l>elow  high 
tide,  a  strong  spring  of  fair  water  appears. 

The  next  important  locality  is  Palaau.  In  the  grassy  marsh  below 
the  deep  well  big  springs  come  out  for  a  distance  of  7(X)  feet.  Many 
old  taro  patches  indicate  that  this  water  has  been  used.  One  of  these 
springs  flowed  about  60,000  gallons  a  day  (0.09  cubic  foot  per  sec- 
ond), and  the  aggregate  flow  must  be  large.  A  sample  yielded  lOo 
grains  of  sodium  chloride  per  gallon.  On  Naiwa,  between  Palaau 
and  Halfway  Camp,  near  a  lone  cocoanut  tree,  strong  springs  emei^e 
from  clefts  in  the  basalt  rock  at  the  beach,  1  foot  above  high  tide; 
the  total  visible  flow  may  be  as  much  as  170,000  gallons  in  twenty- 
four  hours  (0.26  cubic  feet  per  second),  and  the  salinity  is  127  grains. 

Half  way  between  Palaau  and  Kaunakakai  again  a  number  of 
smaller  springs  appear,  with  a  salinity  of  86  grains  per  gallon.  They 
emerge  1  or  2  feet  above  high-tide  level. 

The  next  locality  is  Cocoanut  grove,  1  mile  west  of  Kaunakakai, 
when  very  strong  springs  come  out  from  the  sand  at  the  shore  for  a 
distance  of  150  feet.     The  total  flow  is  difficult  to  estimate,  but  it  nuiv 
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be  over  200,000  gallons  in  24  hours  (0.31  cubic  foot  per  second).     The 
water  contains  115  grains  of  sodium  chloride  per  gallon. 

Near  Kaunakakai  there  appear  to  be  no  springs  of  importance,  but 
1  mile  eastward,  close  to  the  road,  a  strong  spring  comes  out  from  the 
basaltic  rock  at  the  foot  of  a  bluff,  1  foot  above  sea  level.  Flow, 
approximately  6,000  gallons  in  24  hours  (0.01  cubic  foot  per  second). 
The  water  contains  76  grains  sodium  chloride  per  gallon. 

From  this  place  to  a  point  1,000  feet  east  of  Onini  triangulation 
station  no  springs  were  seen  at  sea  level,  though  wells  find  water  at 
a  depth  of  a  few  feet  in  most  places,  the  sodium  chloride  in  these 
amounting  to  about  115  grains.  At  the  locality  just  mentioned  a 
strong  spring  appears,  and  for  a  distance  of  several  hundred  feet  much 
water  comes  out  along  the  beach.  The  total  flow  must  exceed  200,000 
gallons  in  24  hours  (0.31  cubic  foot  per  second).  The  sodium  chlo- 
ride amounts  to  72  grains  per  gallon.  A  little  water  comes  out  east 
of  this  point  as  far  as  the  end  of  wall  around  the  fish  pond.  Again, 
small  springs  appear  at  the  kulianas,  just  west  of  the  mouth  of 
Kawela  Gulch.  All  of  these  springs  east  of  Onini  are  under  water  at 
high  tide. 

The  largest  springs  noted  appear  in  the  rice  field  east  of  Kawela 
Gulch,  at  the  foot  of  a  little  bluff;  they  are  1.5  feet  above  sea  level, 
and  the  aggregate  volume  of  water  measured  by  the  discharge  from 
the  rice  field  is  450,000  gallons  in  24  hours  (0.70  cubic  foot  per  second). 
The  water  contains  12  grains  of  sodium  chloride  per  gallon.  East  of 
Kawela  the  coast  was  not  examined  in  detail.  Probably  the  coast 
springs  continue  all  the  way  to  Halawa  and  are  fully  as  strong  as  at 
Kawela. 

HIGH-LEVEL  SPRINGS. 

On  the  south  slope,  west  of  Kamalo,  the  springs  issuing  between 
1,000  and  2,400  feet  above  sea  level  are  exceedingly  few  in  number. 

The  gulch  heading  north  of  Meyers  at  Puu  Lua  and  emptying  into 
the  sea  after  flowing  a  few  miles  westward  contains  three  springs. 
The  principal  one,  at  an  elevation  of  1,300  feet,  yields  atleast  30,000 
gallons  in  twenty-four  hours  (0.05  cubic  feet  per  second),  has  no  salt, 
and  on  May  21  flowed  on  the  surface  for  a  distance  of  at  least  one-half 
mile.  Water  comes  out  for  a  distance  of  about  1,000  feet;  at  the  head 
two  short  tunnels  have  been  run  into  the  side  hill  without  increasing 
the  flow.  At  this  place  there  is  a  watering  trough,  but  the  spring  is 
said  to  be  apt  to  run  dry  toward  the  end  of  the  dry  season.  Another 
small  spring  inclosed  by  a  stone  wall  is  found  in  the  next  gulch  just 
below  Puu  Lua.  Lower  down  in  a  tributary  to  the  same  gulch,  at  an 
elevation  of  1,000  feet,  a  little  permanent  water  trickles  out  from  the 
side  and  supplies  a  watering  trough. 

In  the  same  vicinity,  on  Meyer's  ranch,  are  two  permanent  springs. 
The  flrst,  1,500  feet  east  of  the  trail  to  the  leper  settlement,  at  an  ele- 
vation of   1,500  feet,  yields  continuously  about  20,000  gallons  in 
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twenty-four  hours  (0.03  cubic  feet  per  second).  The  second,  devel- 
oped by  a  tunnel  300  feet  long,  drains  toward  Meyers  Gulch  and  fur- 
nishes about  40,000  gallons  (0.06  cubic  feet  per  second),  nearly  all  of 
which  was  developed  by  this  tunnel. 

A  well  defined  spring  is  that  of  Kapuna,  at  an  elevation  of  l,63f> 
feet.  This  probably  yields  about  40,000  gallons  (0.06  cubic  fe^t  per 
second),  which  is  conveyed  in  a  pipe  line  to  the  Molokai  ranch.  The 
water  contains  3  grains  of  •sodium  chloride  per  gallon.  It  is  i>erma- 
nent  in  all  seasons  according  to  reports.  A  short  tunnel  has  been  run 
in  under  the  bottom  of  the  gulch,  but  it  failed  to  develop  an3^  addi- 
tional amount  of  water. 

In  that  branch  of  Luahine  Gulch  heading  at  Hunter's  cabin,  at  the 
old  wagon  road  leading  up  to  the  summit,  a  spring  appears  on  the 
west  side  at  an  elevation  of  2,400  feet,  30  feet  above  the  bottom  of 
the  gulch.  Its  permanency  is  indicated  by  a  bunch  of  wild  bananas 
growing  close  by.  The  flow  was  measured  on  May  28,  and  was  found 
to  be  about  77,000  gallons  a  day  (0.12  cubic  feet  -per  second).  The 
water  is  practically  free  from  salt,  but,  according  to  reports,  it 
dwindles  down  to  a  fraction  of  this  amount  during  the  driest  part  of 
the  season.  A  tunnel  800  feet  long  has  been  run  in  under  the  hill  in 
a  north-northeast  direction  below  the  Kalamaula  Swamp,  but  very 
little  additional  water  was  developed.  The  water  comes  out  from 
the  side  and  roof  for  short  distance,  while  the  rest  of  the  tunnel  ii> 
simply  moist,  giving  no  flowing  water. 

The  only  remaining  spring  at  middle  elevations  is  on  Kawela,  near 
its  east  boundary,  in  the  gulch  near  Foster's  mountain  house,  at  an 
elevation  of  2,500  feet.  The  water,  which  is  pure  and  cold,  amounted 
to  10,000  gallons  a  day  (0.02  cubic  feet  per  second),  when  visited, 
but  the  amount  is  less  in  very  dry  weather.  From  this  point  to 
Halawa  no  detailed  examination  has  been  made,  but  it  is  probable 
that  springs  are  somewhat  more  frequent.  At  Mapulehu  the  swampy 
forests  descend  to  1,400  feet  above  the  sea,  and  many  springs  are 
found  at  their  lower  edge. 

RUNNING   STREAMS. 
STREAMS  OP  THE  NORTH  COAST. 

On  Kaluakoi  there  are  no  permanent  streams;  the  gulches  cH)ntain 
water  only  for  a  short  time  after  heavy  rains.  Mauna  Loa  Gulch, 
emptying  near  Palaau,  is  the  only  one  in  whose  upper  course  a  little 
water  runs  during  the  larger  j)art  of  the  rainy  season. 

The  gulches  on  the  north  coast  west  of  the  leper  settlement  are 
also  dry  except  during  heavy  rains.  The  running  streams  to  l>e  con- 
sidered are  as  follows:  On  the  north  coast,  Waihanau,  Waialeia, 
Waikolu,  Pelekunu,  and  Wailau;  at  the  east  point,  Ilalawa;  on  the 
south  slope:  Meyers,  Kaunakakai,  Kawela,  Kamalo,  Mapulehu,  and 
Waialua  gulches. 
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Waihanau. — ^The  lower  part  of  the  Waihanau  is  a  deep  recess  cut 
back  from  the  pali,  and  over  the  edge  of  this  recess,  as  indicated  on 
the  map,  the  stream  flows  in  a  series  of  falls.  In  the  lower  part  of 
the  valley  the  stream  does  not  run  during  the  summer.  The  upper 
part,  which  alone  is  considered  here,  has  a  drainage  area  of  only 
about  one  square  mile,  but  receives  a  great  deal  of  rain  water. 
Swamps  line  its  borders,  and  much  water  comes  in  from  springs  on 
the  sides  of  the  abrupt  canyon  in  which  it  flows,  and  which  has  a 
depth  of  from  300  to  500  feet.  The  grade  is  about  100  feet  in  2,000. 
In  the  upper  portion  the  stream  is  permanent  though  low  in  the  dry- 
est  part  of  the  season.  I  am  informed  by  Mr.  D.  Center,  the  manager 
of  the  plantation  at  Eaunakakai,  that  when  at  its  lowest  stage  the 
water  will  fill  a  4-inch  pipe  lying  nearly  horizontal.  This  would 
correspond  to  about  80,000  gallons  in  twenty- four  hours,  (0.12  cubic 
feet  per  second).  When  visited  on  April  25,  the  flow  was  about 
2,500,000  gallons  a  day  (3.87  cubic  feet  per  second),  at  an  elevation 
of  2,046  feet.  The  weather  was  showery.  On  June  22,  after  three 
weeks  of  uninterrupted  clear  and  warm  weather,  it  flowed  1,500,000 
gallons  (2.32  cubic  feet  per  second).  On  June  25,  during  the  begin- 
ning of  showery  weather  which  continued  for  three  days,  the  flow 
was.  8,500,000  gallons  (13.15  cubic  feet  per  second).  These  results 
were  obtained,  as  all  of  the  following,  at  places  where  the  stream  ran 
with  slight  grade  above  and  fell  over  an  easily  measurable  natural 
weir,  and  should  be  accurate  within  10  per  cent.  I  conclude  that  the 
stream  can  be  relied  on  for  3,250,000  gallons  per  twenty-four  hours 
(5.03  cubic  feet  per  second)  from  November  1  to  June  1,  for  1,000,000 
gallons  (1.55  cubic  feet  per  second)  from  June  1  to  August  1,  and  for 
at  least  100,000  gallons  (0.15  cubic  foot  per  second)  from  August  1  to 
November  1. 

Waialeia. — This  stream  has  formed  a  deep  recess  from  the  pali, 
shorter  but  wider  than  that  of  the  Waihanau.  Over  the  nearly  per- 
l>endicular  wall  of  this  recess  it  falls  in  cascades.  The  water  in  the 
lower  part  of  the  valley  sinks  during  the  dry  season.  Only  the  upper 
part  above  the  precipice  is  here  considered ;  it  forms  a  small  canyon 
extending  back  for  a  mile  to  Puu  Kaeo.  The  watershed  is  only  one- 
half  of  a  square  mile,  but  the  supply  is  permanent,  being  fed  by. 
springs. 

During  the  driest  part  of  the  season  it  fills,  according  to  Mr.  Center, 
a  2-inch  pipe  laid  nearly  horizontally.  This  would  correspond  to 
about  16,800  gallons  in  twenty- four  hours.  Measured  May  24,  dur- 
ing showery  weather,  at  an  elevation  of  2,820  feet,  a  flow  of  400,000 
gallons  (0.62  cubic  feet  per  second)  was  obtained,  which  may  be  taken 
to  correspond  to  average  flow  from  November  1  to  June  1. 

Waikolu. — The  Waikolu  is  a  still  larger  and  deeply  cut  canyon, 
surrounded  near  its  head  by  almost  perpendicular  precipices,  2,000 
feet  in  height.  From  the  summit  region  belonging  to  its  drainage 
three  streams  fall  in  grand   cascades  over  these  precipices.     The 
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stream  carries  permanent  water,  which  is  used  in  the  bottom  of  the 
valley  for  growing  taro,  the  water  rights  of  the  lower  part  belonging 
to  the  leper  settlement. 

The  area  drained  by  the  western  branch  of  the  Upper  Waikola  is 
only  one-half  of  a  square  mile,  but  practically  all  of  it  is  swampy 
lands,  insuring  a  good  supply,  permanent,  though  small,  even  through 
the  dry  months.  The  stream  has  cut  a  small  canyon  about  300  feet 
deep  in  this  swampy  plateau.  The  water  was  measured  at  an  eleva- 
tion of  3,645  fec^t  on  May  31,  after  three  days  of  warm,  clear  weather 
following  showery  weather,  which  are  practically  normal  conditions. 
The  flow  was  1,250,000  gallons  (1.93  cubic  feet  per  second),  which  may 
be  accepted  as  the  normal  for  the  rainy  season.  The  two  other 
branches  of  the  Waikolu  head  on  the  swampy,  almost  inaccessible 
plateau  between  Waikolu  and  Pelekunu. 

Pelekunu. — Like  the  others  on  the  north  coast,  this  stream  has  cut 
a  deep,  alcove-like  recess  from  the  pali  along  the  coast,  continuously 
surrounded  by  precipices  from  2,000  to  3,000  feet  high.  The  highest 
part  of  this  precipice  is  toward  Kawela,  while  a  narrow  backbone, 
with  an  elevation  of  2,500  feet,  separatees  it  from  the  headwaters  of 
the  Wailau.  The  watershed  has  an  area  of  7  square  miles.  In  its 
lower  course  the  grade  of  the  stream  is  about  100  feet  per  2,000,  but 
above  elevations  of  1,000  feet  it  becomes  very  steep.  The  whole  area 
is  covered  by  extremely  dense  vegetation  of  ferns,  lehuas,  kiikui,  eea 
vines,  and  in  many  places  wild  bananas  and  mountain  apples.  Many 
large  springs  swell  the  lower  course  of  the  Pelekunu,  coming  out  at 
elevations  of  from  300  to  600  feet.  At  an  elevation  of  350  feet  the 
stream  forks,  the  west  branch  again  forking  above  this  at  an  elevation 
of  425  feet. 

On  June  15  I  visited  the  lower  course  of  the  river,  ascending  from 
the  coast,  there  being  no  safe  trail  from  the  south  side  of  the  island 
to  Pelekunu.  The  landing  at  Pelekunu  is  difficult,  and  on  account 
of  the  heavy  surf,  practically  impossible  during  the  winter  months. 
The  weather  for  two  weeks  had  been  clear  and  warm,  following  a 
period  of  showers.  The  east  branch  of  Pelekunu,  measured  at  an 
elevation  of  400  feet,  contained  5,300,000  gallons  (8.20  cubic  feet  per 
second).  The  middle  or  main  branch,  measured  at  an  elevation  of 
475  feet,  contained  11,700,000  gallons  (18.10  cubic  feet  per  second), 
while  the  west  fork  at  the  same  elevation  contained  4,500,000  (6.Hd 
cubic  feet  per  second),  making  a  total  of  21,800.000  gallons  in  twenty- 
four  hours  (33.73  cubic  foet  j^er  second),  from  a  watershed  of  4  square 
miles.  The  question  of  minimum  flow  is  a  difficult  one  to  answer 
without  any  mensureraents  during  the  driest  part  of  the  season.  A 
total  of  5,000,000  gallons  (7.74  cubic  feaj  per  second)  at  an  elevation 
of  500  feet  is  certainly  conservative-;  more  probably  the  least  flow 
would  be  6,000,000  or  7,000,000  gallons  (9.28  or  10.83  cubic  feet  per 
second).  More  observations  during  September  or  October  are  neces- 
sary to  settle  this  point. 
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WaHaii. — This,  the  largest  8ti*eam  of  the  island,  is  in  general  char- 
acteristics very  similar  to  the  Pelekunu.  Its  drainage  area  is  slightly 
larger  and  is  covered  by  the  same  dense  vegetation.  Precipices  like 
those  at  Pelekunu,  though  scarcely  as  steep,  surround  the  basin,  which 
is  narrower  toward  the  sea  than  toward  the  head.  A  difficult  foot 
trail  connects  Wailau  with  Pukoo  and  Mapulehu  and  crosses  the 
mountain  at  a  pass  with  the  low  elevation  of  2,800  feet.  From  the 
summit  gap  the  trail  descends  along  the  ridge  between  the  two  prin- 
cipal forks  and  reaches  the  east  branch  at  an  elevation  of  690  feet; 
then  it  follows  this  for  s6me  distance  and  ascending  again  over  the 
small  point  Puu  o  Wailau  (elevation  680  feet),  it  reaches  the  junction 
of  the  forks  at  470  feet.  At  the  time  of  the  visit,  June  5,  clear  weather 
had  prevailed  for  one  week  over  the  whole  island,  following  showery 
weather  in  the  end  of  May. 

At  an  elevation  of  500  feet  the  east  fork  contained  7,500,000 gallons 
(11.60  cubic  feet  per  second),  and  at  the  same  elevation  the  west  fork 
contained  14,100,000  gallons  (21.82  cubic  feet  per  second),  thus  giving 
a  total  of  21,600,000  gallons  in  twenty-four  hours  (33.42  cubic  feet 
per  second)  from  an  effective  drainage  area  of  5  square  miles.  It  will 
be  noticed  that  the  Wailau  and  the  Pelekunu  differ  but  little  in  their 
total  flow;  while  the  drainage  area  of  the  latter  above  500  feet  is 
slightly  smaller,  the  elevation  of  its  watershed  and  the  precipitation 
is  probably  somewhat  larger  than  that  of  Wailau. 

Regarding  the  minimum  flow  the  same  remarks  apply  as  have  been 
made  regarding  the  Pelekunu.  Ten  million  gallons  (15.47  cubic  feet 
per  second)  is  a  liberal  estimate  of  the  least  flow;  more  likely  it  is 
8,000,000  gallons  in  twenty-four  hours  (12.38  cubic  feet  per  second). 

Several  minor  streams  descend  like  silvery  threads  from  the  pali 
into  the  sea  between  Wailau  and  the  eastern  end  of  the  island.  Some- 
times the  strong  trade  winds  dissipate  these  cascades  into  mist  before 
they  reach  the  foot  of  the  escarpment. 

Hcdaica. — \'ery  near  the  eastern  promontory  the  important  water- 
course of  Ilalawa  empties  into  the  sea.  Halawa  differs.from  the  other 
streams  in  flowing  in  an  almost  due  east  direction.  Its  watershed 
comprises  about  8  square  miles;  it  has  its  source  in  the  swampy, 
impenetrable  plateaus  east  of  Wailau,  and  it  descends  from  these  in 
a  beautiful  waterfall  plainly  seen  from  the  harbor.  For  a  mile  or 
two  above  its  month  it  flows  in  a  somewhat  open,  fertile  valley.  The 
minimum  flow  of  Ilalawa  is  reported  by  Mr.  O'Shaughnessy,  former 
engineer  to  the  American  Sugar  Company,  to  be  about  5,000,000  gal- 
lons in  twenty- four  hours  (7.74  cubic  feet  per  second). 

STREAMS   OF  THE   SOUTH   COAST. 

Meyers  Gulch. — This  stream  has  a  drainage  area  of  16  square  miles, 
the  largest  on  the  south  coast,  but  except  near  the  summit  it  contains 
no  permanent  water,  not  even  during  the  winter  months.     Its  canyon 
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is  sharply  cut  into  the  grassy  plateaa  to  a  depth  of  from  200  to  3<X) 
feet,  and  contains  in  places  thick  groves  of  kukui  trees.  It  empties 
a  short  distance  east  of  Palaau.  The  grade  in  the  lower  coarse  is 
moderate,  but  al)ove  an  elevation  of  1,500  feet  it  increases  rapidly  and 
the  canyon  contains  many  abrupt  falls.  The  upi)ermost  courses  of  the 
different  branches  have  again  a  more  gentle  grade.  At  an  elevation 
of  700  feet  the  creek  branches.  The  east,  or  Luahine,  fork  heads 
with  two  prongs  near  the  Hunter's  cabin,  on  Kaunakakai  land  division, 
at  an  elevation  of  3,000  feet;  the  main  branch  continues  by  Meyer's 
ranch,  where  it  is  joined  by  several  smaller  branches  extending  up 
toward  Mejers  Lake,  and  1  mile  above  Meyers  divides  again  into  the 
Kahapakai  and  the  Mokomoka  branches,  both  of  which  bead  at  ele- 
vations of  about  2,600  feet  in  Kalamaula  swamp. 

During  the  winter  of  1899-1900  the  water  in  this  gulch  reached  the 
coast  four  times — in  December,  April,  May,  and,  lastly,  June  27  and  28. 
The  volume  is  considerable,  sometimes  5,000,000  to  8,000,000  gallons 
in  twenty-four  hours  (7.74  to  12.38  cubic  feet  per  second),  but  the 
flow  subsides  rapidly.  On  June  27  about  5,000,000  gallons  came  down 
in  twenty-four  hours  (7.74  cubic  feet  per  second),  while  the  next  day 
there  was  but  a  slight  stream  trickling  along  the  bed. 

The  permanent  water  appears  chiefly  in  the  Kahapakai  Fork.  Near 
its  head,  which  is  separated  only  by  a  narrow  ridge  from  the  canyon 
of  the  Waihanau,  it  is  fed  by  strong  and  continuous  springs  coming 
in  chiefly  fi-om  the  east  side.  Between  2,000  and  1,500  feet  there  is  a 
sharp  grade.  Though  the  flow  is  snlall  in  summer  the  water  runs 
permanently  as  far  down  as  Wahii  (elevation,  1,475  feet),  where  one 
branch  of  the  water  pipe  supplying  the  ranch  ends.  BelOw  this,  on 
May  26,  a  little  water  was  running,  but  only  as  far  as  the  junction  of 
the  two  forks. 

On  May  24,  in  light  showery  weather,  Kahapakai  was  measured  at 
an  elevation  of  1,975  feet,  and  flowed  281,000  gallons  (0.43  cubic  foot 
per  second),  diminishing  at  an  elevation  of  2,200  feet  to  192,000  gal- 
lons (0.30  cubic  foot  per  second).  The  same  creek,  at  an  elevation  of 
1,975  feet,  contained  on  June  25  (light  showers  following  three  weeks 
of  drought)  155,000  gallons  (0.24  cubic  foot  per  second).  On  May  2»s 
after  some  pretty  heavy  showers,  the  water  at  Wahii  measured  only 
151,200  gallons  (0.23  cubic  foot  per  second),  showing  that  the  maxi- 
mum flow  is  at  a  considerably  higher  elevation. 

The  Mokamoka  Fork  does  not  contain  as  much  water,  nor  is  it  per- 
manent during  the  summer.  On  May  26  it  was  running  only  a  little 
water  one-fourth  of  a  mile  above  the  mouth  of  Kapuna  Spring  Gulch. 
Its  average  flow  during  the  rainy  season,  at  an  elevation  of  2,0(X>  feet, 
may  be  estimated  to  be  150,000  gallons  (0.23  cubic  foot  per  second). 
The  Luahine  Fork  of  Meyers  Gulch  branches  at  an  elevation  of  2,<X>> 
feet,  the  two  forks  heading  on  each  side  of  Kalualohe  Hill.  The  west 
fork  carries  some  water,  about  100,000  gallons  (0.15  cubic  foot  per 
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second),  in  the  rainy  season,  and  is  said  to  run  some  throughout  the 
summer.  The  east  fork  contains  the  spring  mentioned  above.  The 
flow  begins  one-half  mile  above  the  tunnel  and  continues  for  at  least 
the  same  distance  below  it.  The  maximum  flow  is  perhaps  1,000  feet 
below  the  tunnel.  On  May  80  it  gave  135,000  gallons  (0.21  cubic  foot 
per  second). 

Kaundkahai  Crulch. — This  gulch,  debouching  at  Kaunakakai,  has 
cut  a  long,  narrow  box  canyon,  and  embraces  a  watershed  of  al  out  8 
square  miles.  It  has  a  very  straight  course  and  is  from  100  to  400 
feet  deep,  the  maximum  depth  being  attained  at  the  junction  of  the 
forks  below  Kaulahuki.  From  the  west  it  receives  some  deeply 
eroded  tributaries  heading  at  Hunter's  cabin,  but  these  are  usually 
dry,  even  through  the  rainy  season.  The  main  canyon  has  near  the 
mouth  a  grade  of  about  100  feet  in  1,500.  In  its  middle  course  it  is 
very  steep,  while  on  both  sides  of  Kaulahuki  lighter  grades  again 
prevail.  The  gulch  contains  running  water  in  its  middle  and  lower 
course  only  after  heavy  rain  storms.  Occasionally,  very  heavy  fresh- 
ets flood  the  plain  at  its  mouth  and  bring  heavy  bowlders  from  the 
canyon.  It  is,  in  brief,  a  typical  torrential  stream.  During  the  winter 
of  1899-1900  it  was  in  flood  in  December;  again  in  April,  and  finally 
in  the  last  days  of  June,  but  each  time  the  volume  diminished  rapidly, 
and  after  twenty-four  or  twenty-eight  hours  had  dwindled  to  a  very 
small  amount.  Below  Kaulahuki,  at  an  elevation  of  2,500  feet,  the 
main  canyon  forks — one  branch,  the  Kamiloloa,  heading  between 
Kaulahuki  and  Kaeo,  while  the  other,  the  Makakupaia,  heads  in  the 
swamps  around  llanalilolilo.  Both  of  these  branches  carry  perma- 
nent water.  Kamiloloa  during  the  period  of  examination  carried 
water  from  its  exti*eme  head  down  to  a  point  3,500  feet  above  the 
junction.  It  is  largely  spring  fed  and  its  permanency  is  attested  by  a 
big  bunch  of  wild  bananas  growing  in  the  canyon  at  an  elevation  of 
3,100  feet.  On  April  20  there  was  at  least  200,000  (0.31  cubic  foot  per 
second)  or  300,000  (0.40  cubic  foot  per  second)  gallons  running.  On 
May  31,  after  three  warm,  brighter  days  following  showery  weather,  a 
flow  of  27(3,000  gallons  (0.43  cubic  foot  per  second)  was  measured  at 
an  elevation  of  3,100  feet.  According  to  apparently  reliable  accounts 
it  dwindles  in  extremely  dry  weather  to  20,000  gallons  (0.03  cubic  foot 
per  second).  The  main  bulk  of  the  water  comes  from  the  Makakupaia 
Fork,  which  is  fed  partly  by  springs  but  largely  by  the  water  stored 
in  the  swamps  about  llanalilolilo.  Below  this  point  the  Makakupaia 
forks  again,  both  branches  carrying  water,  though  the  eastern  branch 
contains  the  larger  part  of  it.  The  water,  as  in  all  of  the  streams 
heading  in  swampy  ground,  is  of  brownish  color.  The  flow  is  con- 
tinuous, even  in  the  driest  season,  but,  as  in  the  case  of  Kamiloloa,  it 
dwindles  to  a  small  amount.  In  the  rainy  season  the  water  runs  for 
a  distance  of  several  thousand  feet  below  the  junction,  and  even  in 
the  dry  season  it  usually  reaches  the  junction,  according  to  state- 
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ments  of  Mr.  Theodoi-e  Meyer.  The  stream  was  measured  May  31, 
under  normal  conditious,  three  days  of  fair  weather  following  show- 
ery weather,  at  an  elevation  of  2,510  feet.  A  flow  of  450,000  gallons 
(0.70  cubic  foot  per  second)  was  obtained. 

Onini  Oulch, — Though  heading  at  3,000  feet  this  gulch  is  ordinarily 
dry  up  to  it«  head,  only  flowing  after  heavy  rains. 

Kawela  Oulch. — The  Kawela  drains  a  territory  of  about  34^  square 
miles.  It  heads  in  the  swamps  near  the  highest  peaks  of  the  island 
and  flows  in  a  narrow  box  canyon  from  100  to  500  feet  deep.  The 
grade  near  the  mouth  is  100  feet  per  2,000,  but  in  the  middle  course 
it  increases  to  extremely  sharp  descents,  broken  by  many  perpendicu- 
lar falls.  In  its  upper  course  the  grade  is  again  less,  perhaps  averag- 
ing 100  feet  in  1,000  feet. 

Like  Kaunakakai,  this  is  a  pronounced  torrential  stream,  but  it  car- 
ries considerably  more  water.  During  the  rainy  season  its  flow  very 
frequently  reaches  the  sea  continuously  for  several  days.  On  an 
average  the  Kawela  is  in  flood  at  least  once  a  month  between  October 
and  June.  There  is  a  great  deal  of  water  under  its  sandy  flood  plain, 
and  the  flow  during  freshets  is  depended  upon  to  irrigate  the  kuli- 
anas  (small  holdings  of  native  settlers)  near  its  mouth.  The  flood 
does  not  stop  suddenly,  as  in  Meyers  and  Kaunakakai  gulches,  but 
continues  for  several  days.  The  volume  of  water  coming  down  is 
veiy  large.  On  May  1,  several  days  after  showery  weather,  the 
Kawela,  500  feet  above  the  forks,  at  an  elevation  of  160  feet,  flowed 
at  least  300,01)0  gallons  (0.46  cubic  foot  per  second),  which  at  an  eleva- 
tion of  100  feet  diminished  to  about  100,000  gallons  (0.15  cubic  feet 
per  second).  On  May  28  Kawela  had  been  flowing  strong  for  several 
days;  at  an  elevation  of  100  feet  there  was  a  flow  of  3,000,000  gallons 
(4.64  cubic  feet  per  second).  This  gradually  diminished,  and  on  June 
11  the  creek  was  dry  at  the  junction  of  the  forks.  On  June  26  the 
creek  was  in  flood  again  and  continued  so  for  several  days,  the  amount 
on  the  day  mentioned  being  at  least  6,000,000  gallons  (0.28  cubic  feet 
per  second). 

The  Kawela  branches  three-fourths  of  a  mile  above  its  mouth,  and 
the  two  canyons  have  a  parallel  course  only  1,000  to  2,000  feet  apart  to 
near  their  heads.  Two  miles  above  the  mouth  the  west  fork  i-eceives 
two  tributaries  which,  however,  are  dry  even  during  rainy  season. 
The  main  west  fork  heads  near  Ilanalilolilo  and  carries  a  little  water, 
which  rarely  reaches  the  main  junction.  The  ordinarj^  wint^^r  flow  is 
continuous  for  2  miles  below  the  head  to  a  point  below  the  high-wat-er 
fall  at  an  elevation  of  3,000  feet,  which  may  be  observed  from  near 
Onini  station.  The  flow  was  measured  under  normal,  avemge  winter 
conditions  at  an  elevation  of  3,350  feet,  where  its  grade  is  compara- 
tively flat,  the  result  being  100,000  gallons  in  twenty-four  hours  (0.20 
cubic  foot  i)er  second).  This  little  stream  is  probably  nearly  dry  in  the 
fall. 
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The  main  or  east  fork  under  average  winter  conditions  flows  as  far 
down  as  an  elevation  of  1,500  or  2,000  feet.  By  far  the  greatest 
volume  of  its  water  is  collected  from  the  swamps  near  the  head, 
and  during  rainy  weather  its  volume  reaches  5,000,000  to  7,000,000 
gallons  (7.74  to  10.83  cubic  feet  per  second).  On  June  1,  after  three 
or  four  days  of  dry  weather  following  showery  weather,  it  was  meas- 
ured at  an  elevation  of  3,160  feet,  where  its  canyon  has  comparatively 
slight  grade.  The  flow  was  1,300,000  gallons  in  twenty-four  hours 
(2.01  cubic  feet  per  second).  On  June  19,  after  three  weeks  of  hot 
and  dry  weather,  it  measured  at  the  same  place  350,000  gallons  (0.54 
cubic  foot  per  second),  at  about  which  figure  the  flow,  according  to  all 
accounts,  remains  constant  during  the  summer,  though  in  exceedingly 
dry  weather  it  may  dwindle  as  low  as  50,000  gallons  (0.08  cubic  foot 
per  second). 

Kamolo  Oulch, — ^This  stream,  together  with  the  two  adjoining 
gulches  to  the  east,  receives  the  drainage  of  the  swamps  of  the  highest 
mountain  region,  and  in  its  general  characteristics  is  verj' similar  to 
the  Kawela,  though  probably  carrying  a  somewhat  larger  quantity  of 
water.  It  usually  flows  at  the  mouth  of  the  gulch  once  or  twice  a 
month.  It  is  located  on  the  proi)erty  of  the  Kamalo  Sugar  Company, 
who  use  it  to  some  extent  for  irrigation. 

East  of  Kamalo  no  detailed  observations  were  made.  But,  as  stated 
above,  the  rainfall  increases  steadily  in  this  direction,  and  grassy 
slopes  descend  far  toward  the  sea.  Between  this  place  and  Tialawa  the 
country  is  comparatively  thickly  settled.  Little  flats  are  common 
along  the  shore  and  little  groups  of  cocoa  palms  and  taro  patches 
appear  at  frequent  intervals.  In  this  distance  there  are  several 
streams  similar  to  Kamalo  and  at  least  one  permanent  water  course, 
the  Waialua.     The  gulches  are  numerous  and  very  closely  spaced. 

WELLS. 

The  fact  that  water  can  be  obtained  along  the  coast  by  shallow  wells 
was  recognized  long  ago,  and  irrigation  on  a  small  scale  by  means  of 
windmills  has  been  practiced  in  many  places.  Water  for  stock  has 
been  obtained  in  the  same  manner.  • 

KALUAKOI. 

On  the  western  part  of  the  property  (Kaluakoi)  precipitation  is 
slight  and  the  supply  of  ground  water  is  accordingly  limited  and  salty 
in  character. 

On  the  north  coast,  nearly  due  north  of  Mauna  Loa,  is  located  the 
Momomie  well  and  windmill,  used  for  watering  stock.  Here,  as  at  all 
of  the  other  stock  wells,  the  surplus  water  is  allowed  to  run  back  into 
the  well.  The  depth  is  35  feet,  water  standing  at  about  sea  level  30 
feet  below  the  surface.     The  Siilinity  is  very  high — 238  grains  per  gal- 
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Ion.  One  mile  eastward  is  an  old  landing  place,  where  two  small 
houses  are  still  standing.  A  well  20  feet  deep  was  dug  here,  but  has 
been  allowed  to  cave. 

There  are  no  wells  along  the  coast  west  of  this  until  Pax>ohaku  is 
reached,  at  the  middle  of  the  west  coast.  Several  wells  have  been  dug 
in  the  sandy  plain  which  here  follows  the  coast  for  about  1  mile. 
The  well  and  windmill  which  supplies  the  stock  is  one-half  mile  south- 
east of  Puu  o  Kaiaka;  the  depth  is  40  feet,  the  water  level,  which  is 
equal  to  the  sea  level,  standing  35  feet  below  the  snrfac*.  The  water 
has  a  salinity  of  403  grains  to  the  gallon,  thus  closely  approaching  the 
limit  for  drinking  purposes,  even  for  stock.  A  quarter  of  a  mile 
southwest  is  a  smaller  well,  which  probably  stands  at  200  grains  and 
which  is  used  by  the  stock  men  when  stopping  at  Papohaku. 

There  is  no  further  water  until  Kamakaipo,  where,  on  the  little 
plain  adjoining  the  sea,  a  30-foot  well  has  been  dug,  the  water  stand- 
ing 10  feet  below  surface.  This  well  proved  too  salty  for  use.  A 
smaller  well  close  by,  on  the  trail,  is  10  feet  deep  and  contains  a  little 
water  which  has  about  150  grains  of  siilt  per  gallon. 

From  the  light-house  to  Palaau  along  the  coast  fairly  good  water  is 
much  more  abundant  and  the  four  following  wells  and  windmills  are 
located  here  on  the  sandy  shore.  Alena  well  and  windmill,  1  mile 
southeast  of  Waieli,  depth  10  feet,  salinity  about  like  Kolo;  Kolo  well 
and  windmill,  5  miles  farther  east,  7  feet  deep^  salinity  120  grains 
per  gallon  (PL  II,  A);  Waiakane  well  and  windmill,  south  of  Mauna 
Loa,  4  feet  deep,  salinity  150  grains  "per  gallon;  loli  well  and  wind- 
mill, near  Palaau,  6  feet  deep,  salinity  109  grains  per  gallon,  water 
stands  2  feet  below  surface. 

PALAAU. 

A  number  of  wells  have  been  bored  near  the  coast  at  Palaau,  all  of 
them  in  the  vicinity  of  the  proposed  site  of  the  mill  of  the  American 
Sugar  Company. 

Well  No,  1. — This  is  a  12-inch  well  at  stable  500  feet  south  of  mill 
site,  at  an  elevation  of  22  feet.  It  is  sunk  in  basaltic  lava  to  a  depth 
of  74  feet,  the  water  standing  at  about  sea  level.  The  water  cont^ains 
86  grains  of  salt  per  gallon.  The  well  was  pumped  for  four  days  con- 
tinuously at  the  rate  of  750,000  gallons  (1.16  cubic  feet  per  second) 
without  change  in  water.  It  supplied  the  camp  with  water  pumped 
up  to  a  tank. 

Well  No.  2. — This  is  a  12-inch  well  below  the  railroad  on  west 
boundary  of  Hoolohua,  at  an  elevation  of  125  feet  above  sea  level. 
It  was  sunk  in  basaltic  lava  to  a  depth  of  140  feet,  the  water  standing 
at  sea  level.  The  water  contained  102  grains  of  salt  per  gallon  when 
first  struck. 

Well  No.  3. — This  well  is  one- fourth  mile  east  of  stable  and  100  feet 
northeast  of  deep  well,  at  an  elevation  of  23  feet.     It  was  sunk  through 
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basaltic  lava  to  sea  level.  In  bottom  1 2-inch  well  sunk  to  50  feet  below 
sea  level;  very  little  water  near  surface.  The  water  contained  86 
grains  of  salt  per  gallon.  This  well  was  pumped  for  some  time — just 
how  long  I  was  unable  to  find  out ;  probably  two  weeks — at  the  rate  of 
750,000  gallons  a  day  (1.16  cubic  feet  per  second)  without  increasing 
the  salinity. 

Palaau  deep  well. — This  well  is  located  about  one-fourth  mile  east 
of  stable  at  Palaau,  at  an  elevation  of  22  feet  above  sea  level.  Total 
depth  when  work  stopped.  May,  1900,  250  feet.  The  surface  forma- 
tion was  basaltic  lava.  At  180  feet  somQ  red  tuff  was  met;  at  about 
200  feet  the  rock  was  a  coarse,  open  lava. 

The  first  water,  at  sea  level,  contained  86  grains  of  salt  per  gallon; 
at  174  feet  90  grains  were  noted;  at  180  feet  from  surface  the  well 
broke  into  salt  water,  which  continued  until  the  work  was  stopped. 

Well  in  Meyers  Oulch, — This  is  one  of  the  oldest  wells  bored.  It  is 
located  in  Meyers  Gulch,  one-half  mile  above  the  railroad  bridge  and 
1  mile  east  of  Palaau,  at  an  elevation  of  50  feet  above  sea  level.  The 
total  depth  is  125  feet.  Very  little  water,  but  of  fair  quality,  was 
obtained  at  sea  level;  at  125  feet  the  well  broke  through  into  sea 
water. 

Wells  at  mouth  of  Meyers  Oulcli. — There  are  shallow  wells  on  the 
level  plain  at  mouth  of  Meyers  Gulch,  at  an  elevation  but  little  above 
sea  level.  Water  stands  2  feet  below  surface.  Water  contained  90 
grains  of  salt  per  gallon. 

NAIWA. 

The  wells  on  this  land  are  located'  near  the  mouth  of  a  small  dry 
gulch,  1^  miles  west-northwest  of  the  cocoanut  grove.  At  37  feet 
above  sea  level  a  shaft  10  by  10  feet  is  sunk  33  feet  close  by  a  12- 
inch  bore  hole  sunk  to  a  depth  of  70  feet.  The  first  water,  which 
stood  at  sea  level,  contained  74  grains  of  salt  per  gallon.  Deeper, 
this  increased  to  90  grains.     There  is  no  record  of  pumping  tests. 

This  locality  was  selected  as  repumping  station  for  the  high-lift 
pump  intended  to  elevate  the  water  to  the  500-foot  level. 

KALAMAUIiA. 

On  this  land,  about  1\  miles  northwest  of  Kaunakakai,  are  situated 
the  so-called  cocoanut  grove  wells.  They  are  located  near  the  mouth 
of  a  little  dry  gulch,  2,000  feet  from  the  sea,  and  in  the  northeast  cor- 
ner of  a  fine  field  of  arable  land  which  was  plowed  in  1900  and  which  it 
was  intended  should  be  planted  to  cane  to  be  imgated  from  these  wells. 
Many  good-sized  springs  come  out  on  the  seashore  at  the  cocoanut 
grove;  hence  this  was  probably  considered  a  good  location  for  wells. 

Cocoanut  grove  deep  well. — This  well  is  27  feet  above  sea  level. 
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Total  depth  is  343  feet .     Diameter  is  1 2  inches.     Strata  passed  through 
are  as  follows: 

Feet. 
Soa 10 

Coral  rock 5 

Hard  lava 25 

PorotiB  lava 75 

Hard  lava - 35 

Porous  lava - 193 

Water  was  struck  at  sea  level  and  contained  80  grains  of  salt  i>er 
gallon.  At  150  feet  the  waft^r  contained  91  grains,  while  at  160  feet 
the  bore  hole  broke  through  into  what  was  practically  sea  water  and 
continued  in  it  the  whole  remaining  distance. 

Cocoanut  grove  shallow  well, — About  300  feet  west  of  the  deep  well, 
at  an  elevation  of  20  feet,  is  located  another  12-inch  well,  60  feet 
deep.  One  million  gallons  were  pumped  during  twenty-four  hours 
(1.66  cubic  feet  per  second),  the  water  containing  102  grains  per 
gallon. 

Cocoanut  grove  pits. — Beginning  near  the  above-mentioned  well  a 
series  of  pits  have  been  dug  to  below  sea  level.  An  excavation  abont 
200  feet  long  and  15  feet  deep  has  been  made,  and  in  the  bottom  of 
this  10  wells,  8  by  8  feet,  have  been  dug  to  a  depth  of  10  feet,  though 
some  of  them  are  not  yet  completed.  While  there  seems  to  be  a  con- 
siderable quantity  of  water,  no  pumping  tests  have  been  made,  the 
discouraging  feature  being  that  the  water  coming  in  ranged  from  102 
to  104  grains  per  gallon. 

KAUNAKAKAI. 

A  number  of  wells  have  l>een  bored  at  or  near  the  mouth  of  Kauna> 
kakai  Gulch.  Before  the  aiivent  of  the  American  Sugar  Company 
there  were  at  the  mouth  of  the  canyon  several  shallow  wells  on  the 
property,  on  one  or  two  of  which  windmills  were  erected.  Water  of 
a  salinity  of  about  35  grains  was  obtained  in  sufficient  quantities  for 
the  local  needs  of  the  small  kulianas  at  slight  depths,  about  equal  to 
sea  level.  When  undisturbed  for  some  time  the  water  from  the  upper 
part  of  the  ground-water  sheet  contained  only  12  grains  of  salt  per 
gallon.  A  well  at  the  Japanese  hospital  at  the  foot  of  the  lava  bluff, 
1,000  feet  west  of  the  cane-field  wells,  was  sunk  to  sea  level,  yielding 
water  which  contained  74  grains  of  salt  per  gallon. 

The  deeper  wells  bored  by  the  American  Sugar  Company  are  as 
follows : 

Cane-field  wells, — Two  wells  have  been  sunk  in  the  cane  field  from 
which  during  the  year  the  80  acres  of  cane  at  Kaunakakai  have  l>een 
irrigated.  These  wells  are  situated  on  the  west  side  of  the  guleh  At 
an  elevation  of  22  feet,  have  a  depth  of  60±  and  75  feet,  and  are  4(> 
feet  apart.     Both  have  a  diameter  of  12  inches.     Water  level  was 
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reached  after  penetrating  22  feet  of  gravel  and  soil,  the  rest  of  the 
wells  being  bored  in  basaltic  lava  of  varying  hardness.  Only  the  60- 
foot  well  is  being  pumped.  A  supply  of  1,000, (XX)  gallons  per  twenty- 
four  hours  (1.55  cubic  feet  per  second)  has  been  steadily  obtained 
from  it  for  over  one  year  without  increase  in  salinity,  which  is  from 
86  to  96  grains.  A  sample  taken  May  4  contained  84  grains.  In  the 
summer  of  1899,  however,  the  water  was  somewhat  less  salty  than  in 
1900,  for  I  find  a  record  of  July  10,  1899,  showing  that  after  two  days 
of  pumping  from  the  first  well  (No.  1)  the  water  contained  68  to  70 
grains  of  salt  per  gallon.  When  the  centrifugal  pump,  which  now 
raises  the  water  from  the  60- foot  well  to  an  elevation  of  40  feet,  was 
connected  with  both  wells  the  salinity  increased  to  over  100  grains, 
showing  that  the  deeper  well  had  tapped  some  salty  water. 

The  settlement  well. — This  is  the  most  southerly  of  the  long  row  of 
w^ells  on  the  east  side  of  the  gulch.  The  elevation  of  the  ground  is  26 
feet.  The  12-inch  well  is  60  feet  deep.  The  strata  penetrated  are 
largely  soil,  gravel,  and  soft  lava,  and  there  is,  indeed,  some  doubt 
whether  the  bed  rock  was  actually  reached.  A  small  pump  elevates 
the  water  from  this  well  to  a  tank  from  which  the  settlement  is  sup- 
plied. The  well  has  yielded  about  200,000  gallons  a  da}"  (0.31  cubic 
foot  per  second)  continuously.  The  water  contains  from  50  to  86 
grains  of  salt  per  gallon.  A  sample  on  May  4  gave  83  gains;  on  June 
11,  80  grains. 

The  three  upper  wells, — These  are  located  on  the  west  side  of  the 
gulch,  1,0(X)  feet  above  the  main  pumping  station  and  at  elevations 
of  50, 60,  and  63  feet.  The  depth  of  all  of  them  is  about  60  feet,  water 
standing  at  sea  level  and  containing  74  grains  of  salt  per  gallon. 
Except  for  a  few  feet  of  soil  the  wells  are  in  lava  of  varying  hardness. 
These  wells  have  not  been  tested  at  all  as  to  their  capacity,  as  their 
high  salinity  seemed  discouraging. 

Tlie  deep  well, — This  well  is  the  most  northerly  of  the  long  row  near 
the  main  pumping  station.  It  has  a  diameter  of  12  inches.  The  total 
depth  at  end  of  May,  when  discontinued,  was  500  feet.  The  mouth  has 
an  elevation  of  35  feet.  Below  15  feet  of  gravel  followed  25  feet  of 
hard  lava,  below  which  porous,  ashy,  and  caving  *lava  was  met  down 
to  110  feet;  from  here  to  150  feet  followed  hard  lava,  and  then  a  porous 
stratum  down  to  250  feet.  Below  250  feet  hard  and  soft  lava  alter- 
nate, no  special  record  being  kept.  The  first  water  at  sea  level  con- 
tained 50  grains  of  salt  per  gallon;  at  160  feet  the  well  broke  into  salt 
water,  which  continued  until  the  work  was  stopped. 

The  12  wells  for  viain  pumping  station, — All  of  these  are  arranged 
in  a  row  parallel  to  the  bluff,  and  well  No.  7,  counted  from  south  to 
north,  has  an  elevation  of  31  feet  above  mean  sea  level;  from  this 
elevation  the  other  wells  differ  but  little.  All  of  the  wells  are  60  feet 
deep,  except  No.  13,  which  was  known  as  the  *' donkey-engine  well," 
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and  which  i8  75  feet.  As  iu  all  of  the  wells  bored,  the  absence  of  a 
detailed  and  reliable  record  is  noticeable.  Wells  Nos.  7  to  13  reached 
bed  rock  at  a  distance  of  from  15  to  26  feet,  indicating  a  decided  slope 
southward.  Below  this  only  lava  was  met  with,  the  hardness  chang- 
ing every  15  or  20  feet.  In  wells  Nos.  2  to  G,  inclusive,  the  l>ed  ro<.'k 
was  dtH^per,  26  feet  below  surface  or  more,  and  it  is  va^ely  stated 
that  every  well  showed  a  different  record.  In  all  wells  the  water  was 
found  at  about  sea  level  or,  at  most,  1  foot  above  it.  The  water  when 
firat  struck  contained  from  20  to  40  grains  of  salt  per  gallon.  Wells 
Nos.  1  to  12  were  tested  by  pumping  at  the  rate  of  300, 0(X)  or  400,00<' 
gallons  in  twenty-four  hours  (0.46  to  0.6184  cubic  foot  per  second)  from 
each  for  a  few  hours,  the  maximum  salinity  being  40  grains.  Only 
No.  13  was  tested  somewhat  more  severely,  being  pumped  four  days 
at  the  rate  of  from  500,000  to  750,000  gallons  per  twenty-four  hours 
(0.77  to  1.16  cubic  feet  per  second).  April  5, 1899,  a  sample  from  this 
well  ccmtained  11.5  grains  of  salt  per  gallon.  Pumping  at  the  men- 
tioned rate  from  May  10  to  13  inci'eased  the  salinity  rapidly  to  70 
grains,  and  the  last  day  it  reached  83  grains. 

After  the  erection  of  the  10,000, 000-gallon  (15.47  cubic  feet  per  sec- 
ond) steam  pump  to  draw  from  wells  Nos.  2  to  13,  inclusive,  the  pump- 
ing began  in  January,  IJKX).  According  to  Mr.  D.  Center,  at  the 
beginning  of  the  pumping  the  water  contained  50  grains  of  salt  per 
gallon.  The  pumps  were  started  at  2,500,000  gallons  (3.87  cubic  feet 
per  second),  and  after  one  week  the  salt  had  increased  to  110  grains 
per  gallon.  After  one  month  it  had  reached  200  grains  and  in  March 
400  grains,  though  when  it  went  up  to  the  latter  figure  both  pumps 
were  running  at  a  total  rate  of  5,000,000  gallons  (7.74  cubic  feet 
per  second).  According  to  Mr.  Boiler,  the  engineer  in  char^re,  the 
quantities  drawn  were  larger  and  for  a  considerable  time  varied 
between  4,000,000  and  5,000,000  gallons  (6.19  and  7.74  cubic  feet  per 
second). 

When  it  became  clear  that  continued  pumping  would  not  bring  in 
fresh  water  a  series  of  tests  were  made  to  find  out,  if  possible,  from 
which  wells  the  salt  water  came,  but  the  result  seemed  to  indicate 
that  it  was  derived  from  all  of  them.  Wells  Nos.  2  to  6  seemed  to 
contain  better  water  than  the  others,  the  salt  amounting  to  only  aboat 
150  grains  per  gallon.  The  quantity  of  water  was,  however,  small 
and  these  wells  were  easily  pumped  dry.  In  whatever  way  the  other 
wells  were  arranged  the  water  reached  from  270  to  485  grains. 

During  heavy  pumping  from  wells  Nos.  7  to  13  their  water  level 
was  lowered  1.5  or,  at  most,  2  feet. 

Risdon  wells, — These  wells,. so  called  because  of  the  intention  to 
erect  a  20,000,000-gallon  (30.94  cubic  feet  per  second)  Risdon  pump 
on  them,  ai-e  located  just  1  mile  east-southeast  of  the  Kaunakakai 
wells  described  above,  at  the  eastern  end  of  the  cane  fields.     There 
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are  twenty  12-mch  wells  40  feet  apart,  located  in  three  rows,  which  are 
also  40  feet  apart  with  a  northeast  direction  parallel  to  the  dry  creek 
near  the  mouth  of  which  they  are  placed.  They  are  bored  at  the  foot 
of  a  low,  rocky  bluff,  at  the  foot  of  which,  1,000  feet  south  of  the 
wells,  a  strong  spring  appears.  The  most  southerly  well  has  a  sur- 
face elevation  of  28  feet,  and  a  shaft  is  sunk  from  the  surface  to  a 
<lepth  of  20  feet,  the  well  being  bored  40  feet  below  the  bottom  of  the 
shaft.  Well  and  shaft  penetrated  10  feet  of  soil,  2  feet  of  bowldera, 
25  feet  of  hard  lava,  23  feet  of  porous  lava,  below  which  again  comes 
hard  lava.  All  of  the  other  wells  have  similar  records.  Salinity,  70 
l^rains;  water  level,  1  foot  above  sea  level.  The  most  southerly  well 
was  pumped  forty-eight  hours  at  the  rate  of  750,000  gallons  (1.16 
cubic  feet  per  second),  after  which  the  water  contained  68  grains  of 
salt  per  gallon  and  the  water  level  was  lowered  2  feet. 

The  other  wells  were  tested  by  pumping  with  the  deep- well  pump 
at  the  rate  of  300,000  gallons  (0.46  cubic  foot  per  second),  but  only 
for  a  short  time.     Maximum  amount  of  salt,  74  grains  per  gallon. 

KAWELA. 

Between  the  Risdon  wells  and  Onini  station  but  little  fresh  water 
appears  on  the  coast,  but  from  the  latter  point  to  Kawela  the  indi- 
cations favor  a  larger  supply.  On  the  sandy  flood  plain  of  the 
Kawela  the  kulianas  And  all  the  water  needed  in  shallow  wells,  the 
level  standing  6  inches  above  sea  level.  The  wat^r  contains  3  grains 
of  salt  per  gallon.  During  floods  in  the  Kawela  the  ground  water 
stands  1  or  2  feet  higher  than  usual. 

Up  to  June,  1900,  9  wells  of  an  average  depth  of  55  feet  had  been 
bored  at  Kawela,  all  of  them  along  the  foot  of  the  lava  sloi>e  from 
2,000  to  4,000  feet  east  of  the  creek.  A  number  of  kulianas  or  small 
holdings,  usually  owned  by  natives,  are  located  on  the  sandy  plain  of 
Kawela  and  extend  nearly  up  to  the  foot  of  the  bluff. 

Well  No,  1, — This  14-inch  well,  started  12  feet  atove  mean  sea  level, 
is  46  feet  deep.  The  well  passed  through  the  following  strata:  Soil,  4 
feet;  hard  lava,  10  feet;  soft  porous  lava,  34  feet;  hard  lava  at  bottom. 
A  good  stream  of  water  was  met  at  14  feet  from  surface.  Water  level 
stands  10  feet  9  inches  below  surface,  giving  the  water  level  an  eleva- 
tion of  1  foot  3  inches  above  sea  level.  Water  contains  15  grains  of 
salt  per  gallon.  Pumped  at  rate  of  1,000,000  gallons  in  twenty-four 
hours  for  twelve  hours  (1.55  cubic  feet  per  second),  the  amount  of  salt 
rose  to  25  grains.  Subsequently,  at  the  same  time  as  the  heav}'  pump- 
ing took  place  on  well  No.  3,  this  w^ell  was  pumped  for  three  weeks  at 
the  rate  of  1,250,000  gallons  in  twenty-four  hours  (1.93  cubic  feet  per 
second),  the  amount  of  salt  rising  to  only  37  grains. 

Well  Nc\  2. — This  14-inch  well  is  40  feet  oast  of  No.  1,  at  an  eleva- 
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tion  of  12  feet  above  mean  sea  level.  It  is  50  feet  deep,  and  passe^i 
through  the  Hame  rook  as  No.  1,  except  that  bed  rock  is  at  the  surface. 
Water  was  struck  10  feet  below  surface,  and  the  level  raised  to  1  foot 
below  surface  (the  only  instance  thus  far  noted  of  artesian  pressure). 
On  further  boring,  however,  the  water  level  sank  to  about  2  feet  above 
sea  level,  showing  that  some  very  jwrous  strata  had  been  encoun- 
tered. Water  contained  18  grains  of  salt  per  gallon.  Pumped  at 
rate  of  1,000,000  gallons  in  twenty-four  hours  for  twelve  hours  (1.55 
cubic  feet  per  second),  highest  amount  of  salt  was  25  grains  per 
gallon. 

Well  No,  3. — This  14r-inch  well  is  40  feet  east  of  No.  2,  at  a  surface 
elevation  of  11  feet.  The  well  is  56  feet  deep  and  passes  throagh  2- 
foot  soil,  a  few  feet  of  jwrous  lava,  and  then  pretty  solid  lava  until  9 
feet  above  bottom,  when  a  porous  stratum  was  met.  Water  was  stirack 
5  feet  below  surface,  but  at  46  feet  depth  it  was  easily  pumped  dry 
at  rate  of  1,000,000  gallons  per  24  hours  (1.55  cubic  feet  per  second). 
The  well  was  then  sunk  10  feet  farther,  when  a  large  flow  of  water  was 
encountered.  This  single  well  was  pumped  for  thirty  days,  March 
1-30,  1900,  at  rate  of  2,500,000  gallons  (3.87  cubic  feet  per  second). 
The  water  level  was  lowered  8  feet  and  the  salinity  rose  iis  follows: 

Avnount  of  aalt  in  well  No.  S, 

GndnA  per  gaUon. 

March  2 19 

March  7 _ 33 

March  16 32 

March20 _ _ 42 

March24 _. .55 

March28 .  62 

March30. _. .  W 

On  May  16  the  water  level  stood  8  feet  9  inches  below  surfatre  of 
ground,  or  2  feet  3  inches  above  sea  level. 

Well  No,  -4— This  14-inch  well  is  1,080  feet  east  of  No.  3,  at  an  alti- 
tude 17  feet  above  sea  level.  It  is  58  feet  deep  and  passes  through 
the  following  strata:  Soil  and  gravel  4  to  5  feet,  hard  lava  to  17  feet 
below  surface,  where  a  heavy  stream  of  water  was  encountered  and 
the  water  level  raised  to  13  feet  below  the  surface;  then  followed  a 
soft  streak  for  12  to  14  feet,  and  hard  lava  was  again  encountered  in 
the  bottom  of  the  hole. 

After  short  pumping  with  centrifugal  pump  it  was  decided  to  open 
the  water-bearing  stratum  met  17  feet  below  the  surface. 

A  pit  was  excavated  about  12  by  24  feet,  the  longer  side  being  paral- 
lel to  the  coast.  The  western  half  was  sunk  to  8^  feet  below  the  sur- 
face, and  a  double-action  two-cylinder  14  by  15  by  10  Worthington 
pump  (strokes  86  per  minute)  was  placed  at  this  level.  The  easteni 
half  of  the  pit  was  sunk  deeper.     On  May  10  it  ha<l  penetrated  15  feet 
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of  liai-d  but  porous  and  open  lava  agglomerate.  The  water  level  stood 
14  feet  below  the  surface  while  pumping  at  the  rate  of  2,500,000  gal- 
lons (3.87  cubic  feet  per  second).  The  water  level  in  the  deep-bore 
liole  No.  4,  situated  in  the  middle  of  the  western  end  line  of  the  pit, 
-was  1  foot  lower.  On  May  10  the  water  from  pump  contained  37.5  to 
40  grains  of  salt  per  gallon.  Pumping  began  May  8  at  9  a.  m.  and 
continued  with  some  intermissions  to  June  25,  when  the  pumps  were 
removed  to  well  No.  6. 

On  May  16  the  pit  was  down  to  16  feet  from  surface,  while  the  water 
stood  14  feet  below,  and  work  was  becoming  diflficult.  Pumping  at 
the  same  rate  was  continued,  the  water  containing  46  grains  of  salt 
per  gallon.  The  water  could  not  be  handled  with  the  Worthington 
pump,  so  a  small  centrifugal  pump  was  added.  On  May  28  both  were 
running  with  a  total  capacity  of  3,500,000  gallons  (5.42  cubic  feet  per 
second).  Water  coming  into  the  big  pit  on  northeast  side  5  feet 
below  sea  level  contained  29.5  grains  of  salt  per  gallon,  while  the  dis- 
charge from  the  main  pipe  ran  40.4  grains,  but  contained  up  to  60  or 
70  grains  after  some  hours  of  continuous  pumping. 

In  the  first  days  of  June  a  2,000,000  gallon  (3.40  cubic  feet  per  sec- 
ond) centrifugal  pump  was  substituted  for  the  smaller  one  and  total 
rate  of  pumping  increased  to  4,000,000  or  4,500,000  gallons  (6.19  to 
6. 06  cubic  feet  per  second).     The  water  was  discharged  into  a  flume 
and  was  conveyed  to  the  pond  near  the  eastern  boundary  of  Kawela. 
Up  to  the  end  of  May  the  20-inch  suction  pipe  had  been  allowed  to 
remain  in  the  bore  hole  drawing  up  salty  water  all  the  time,  but  then 
this  pipe  was  first  shortened  and  finally  placed  in  the  bottom  of  the  pit. 
The  total  depth  of  the  pit  from  surface  of  upper  (nortli)  side  is  18^  feet. 
Tunnels  were  now  started  from  the  northeast  and  southwest  corners 
of  the  pit.     On  June  8,  2  p.  m.,  pumping  4,000,000  gallons  continu- 
ously, the  water  in  the  northeast  tunnel  ran  40  grains  of  salt  per  gal- 
lon, while  the  water  in  the  fiume  contained  90  grains.     On  June  11, 
pumping  continued  as  before,  keeping  water  within  16  feet  of  bottom, 
the  heavy  stream  of  water  from  northeast  tunnel  ran  35  grains  of  salt 
per  gallon.     Another  heavy  flow,  pouring  from  the  well  hole,  con- 
tained 78  grains.     The  water  in  the  main  discharge  flume  contained 
64  grains;  later  in  the  day  82  grains.     A  big  stream  of  salty  water 
also  poured  out   1^  feet  above   bottom  of  pit  in  southeast  corner; 
a  less  amount  of  same  on  south  side  of  northeast  tunnel  but  only 
at  its  mouth,  and  still  another  smaller  flow  near  southwest  corner 
of  pit.     It  had  now  become  apparent  that  salt  water  came  in  from 
the  bore  hole  and  from  the  south  side  of  the  pit  near  the  bottom.     A 
futile  attempt  was  made  to  check  the  flow  from  the  bore  hole  by 
piling  bags  filled  with  earth  around  it.     A  week  later  the  well  hole 
was  filled  with  cement,  but  only  to  a  depth  of  20  feet  below  the  bot- 
tom of  the  pit,  total  depth  below  it  being  40  feet.     The  pumping  was 
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continued  at  same  rate  and  the  water  contained  the  amount  of  salt 
indicated  in  the  following  table : 

Aniount  of  salt  m  tcater  fram  No.  4.  ipell. 
[Oraizis  per  gallon.] 


Date. 

1 
1 

Nortb- 

east 
bunziel. 

South- 
west 
tunnel. 

Flume. 

South- 
east 
flow. 

1 

June  12 

39 

48 
48 
51 
57 

27 
38 
38 
52 
33 

120 

doo 

18 . 

14—9  a.  m .   

198 

341 

12  noon 

15— 2p.m . 

4  p.  m 

394 

4^0 

19«  ... 

20—12  noon  & 

_ . 

56 

..... 

65 

127 
125 
150 

4  p.  m ...    

21^ .. 

45 

65 

225 

22— 9a.m<-- 

4p.  m y 

23—9  a.  m _   

( 

52 
65 
49 
52 

57 

68 
48 
60 
37 

32 

110 
150 
111 
142 

162 
232 

4  p.  m 

24rf 

2^3 

25  ^ 

a  Pumping  stopped  for  two  days.  <*  June  21  about  same  as  June  SO. 

h  Bunning  day  time  only.  f^  No  pumping. 

<*  Irregular  pumping. 

All  tunnel  samples  were  taken  at  face. 

On  this  day  the  tunnel  had  advanced  32  feet  from  the  pit.  The  rock, 
which  had  been  porous  and  soft,  was  becoming  hard  at  face,  and  much 
water  was  coming  in  from  the  roof.  The  southwest  tunnel  had 
advanced  23  feet  in  porous  rock,  but  the  same  was  becoming  hard,  a 
good  stream  of  water  coming  in  from  the  floor. 

An  analysis  of  above  data  shows  that  the  two  tunnels  furnished 
from  2,250,000  to  2,500,000  gallons  (3.48  to  3.87  cubic  feet  per  second) 
of  water,  containing  on  the  average  50  grains  of  salt  per  gallon,  while 
the  southeast  flow  and  the  bore  hole  furnished  from  2,000,000  to 
2,250,000  gallons  (3.10  to  3.48  cubic  feet  per  second),  containing  from 
200  to  400  grains  of  salt  per  gallon.  Practically  all  of  the  salt  water 
comes  from  these  two  sources.  The  rapid  increase  in  salinity  from 
the  southeast  flow  and  the  bore  hole  shows  that  there  are  leaks  in  the 
rocks  at  these  points  in  almost  direct  connection  with  the  sea  water, 
while  the  other  parts  of  the  pit  had  no  such  connections.  It  might 
well  have  been  possible  to  isolate  these  sources  of  contamination. 

Well  No,  ^.— This  14-inch  well  is  located  226  feet  east  of  No.  4,  and 
is  75  feet  deep.  It  passed  through  the  following  strata:  Soil  3  feet, 
hard  lava  to  29  feet  from  surface,  soft  red  lava  tuff  to  47  feet  from 
surface,  hard  lava  to  70  feet  from  surface,  soft  again  from  70  to  75 
feet.  The  water  stood  9^  feet  below  the  surface,  or  ^\  feet  above  sea 
level.  On  May  16  I  measured  water  level  to  9  feet  1^  inches  below 
surface.  Salinity,  35  grains.  Pumped  with  centrifugal  pump  at  rate 
of  750,000  gallons  (1.16  cubic  feet  per  second)  May  8  and  10,  but  not 
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continuously.  On  pumping  the  level  immediately  fell  2  feet  3  inches. 
Highest  salinity,  35  grains. 

Well  No.  6, — This  14-inch  well  is  located  255  feet  west  of  well  No.  4 
and  is  60  feet  deep.  It  passed  through  the  following  strata:  Soil  and 
gravel  with  bowlders,  40  feet,  remainder  lava,  in  part  soft.  Water 
contains  25  grains  of  salt  per  gallon.  Was  pumped  two  days  with 
well  pump  (capacity,  300,000  gallons,  or  0.46  cubic  foot  per  second). 
Water  stands  normally  15  feet  6  inches  below  surface.  Pumped  also 
intermittently  from  June  11  to  June  16  at  rate  of  from  500,000  to 
850,000  gallons  (0.77  to  1.32  cubic  feet  per  second),  the  water  level 
only  being  lowered  3  to  4  inches.  On  June  16  the  water  contained 
31  grains  of  salt. 

Well  No.  r.— This  14-inch  well  is  located  240  feet  west  of  No.  6,  and 
is  59  feet  deep.  It  passed  through  soil  and  gravel  30  to  35  feet,  below 
this  lava  of  varying  hardness.  There  were  no  pumping  tests  up  to 
June  30  on  account  of  lack  of  available  pumps. 

WeU  No.  8,— This  14'inch  well  is  240  feet  west  of  No.  7  and  has  a 
total  depth  of  5S  feet.     There  have  been  no  pumping  tests. 

JVeU  No.  9. — This  14-inch  well  is  195  feet  west  of  No.  1,  at  an  ele- 
vation of  20  feet.  Down  to  some  feet  below  water  level  hard  lava 
prevails.  The  well  was  not  finished  by  end  of  June.  There  are  no 
special  tests  of  water  from  the  last  three  wells,  but  the  amount  of  salt 
ranges  from  about  25  to  35  grains  per  gallon. 

On  the  west  side  of  Kawela  Gulch  a  shaft  was  sunk  at  an  elevation 
of  30  feet  in  a  small  side  gully.  Water  containing  only  3  grains  of 
salt  per  gallon  was  found  somewhat  above  sea  level.  The  water  came 
in  too  fast  for  bailing,  but  no  pumps  being  available  nothing  further 
was  done  at  this  locality. 

Other  v^elh. — Since  the  middle  of  May,  1900,  a  series  of  six  shafts 
(5  by  5  feet)  have  been  sunk  to  sea  level  between  the  wells,  but  no 
pumping  has  been  done  on  these.  It  was  propo.sed  to  extend  a  tunnel 
from  well  No.  4  to  well  No.  1,  a  little'below  sea  level;  this  tunnel  was 
to  grade  toward  No.  1,  where  a  ceatral  pumping  station  was  to  be 
located,  and  was  to  collect  the  upper  stratum  of  the  ground  water,  to 
which  that  from  the  deei)er  strata  down  to  60  feet  was  to  be  added  by 
pumping  from  the  wells.  As  it  was  shown,  however,  that  tunneling 
under  existing  circumstances  was  quite  difficult  at  well  No.  4,  it  was 
intended  at  the  time  of  my  departure  from  Molokai  to  substitute  an 
open  cut  and  trench  for  the  tunnel. 

THEORETICAL  AMOUNT  OF  WATER  AVAILABLE. 

The  rain  falling  on  the  island  is  disposed  of  in  the  three  following 
ways:  One  relatively  small  part  is  evaporated  from  soil  and  from 
plants.  A  second  and  large  part  is  absorbed  by  the  soil  and,  con- 
tinually moving,  sinks  down  to  the  surface  of  permanent  saturation, 
which  slopes  gently  seaward;  all  of  this  water  finds  its  way  to  the 
shore  and  must  emerge  from  the  rocks  at  or  about  sea  level.     A  third 
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part  runs  off  in  the  living  Htreams.  On  the  nort.h  coast  and  in  the  sum- 
mit region  this  amount  rejiches  at  least  one-half  of  total  rainfall,  for 
the  ground  here  contains  much  water  and  onh''  slowly  absorbs  more. 
Over  the  south  slope  the  run-off  is  very  small,  for  the  living  streams 
are  here  largely  absorbed  before  reaching  the  sea.  The  run-off  of 
the  total  south  slope  is  probably  only  30  per  cent  of  the  tot.al  rainfall. 
It  is  greater  at  Kawela  than  at  Kaunakakai. 

Absolute  data  can  not  be  obtained  on  account  of  lack  of  informa- 
tion as  to  rainfall;  but,  taking  all  conditions  kno^ni  on  this  and  adja- 
cent islands,  the  following  approximate  calculation  may  be  made: 

Total  area  of  south  slope  from  Meyers  Creek  to  east  boundary  of 
Kawola  is  54  square  miles;  average  rainfall  over  this  area  is  4  feet 
per  year;  total  annual  rainfall  over  this  area,  6,048,000,000  cubic  feet^ 
or  45,358,000,000 gallons,  or  126,000,000  gallons  per  twenty-four  hours 
(194.05  cubic  feet  per  second);  evaporation,  26,000,000  to  36,(X)0,0O0 
gallons  (40.23  to  55.70  cubic  feet  per  second);  run  off,  20, OCX), (XK)  to 
30,000,000  gallons  (30.94  to  46.42  cubic  feet  per  second);  ground 
water,  60,000,000  to  80,000,0CX.)  gallons  (92.83  to  123.78  cubic  f<^t  per 
second).  Of  this  amount  it  was  proposed  to  secure  nearly  one-half, 
or  30,000,000  gallons  (46.42  cubic  feet  per  second),  at  one  place  near 
Kaunakakai,  which  clearly  would  be  impossible. 

The  ground  water  available  from  one-half  mile  west  to  1  mile 
east  of  Kaunakakai  and  from  the  coast  to  the  summit,  including  the 
drainage  of  Kaunakakai  and  small  gulches  to  the  east,  may  be  roughly 
calculated  as  follows: 

Area,  36,000  by  12,000  feet;  average  rainfall  over  whole  area,  4 
feet;  total  amount  of  water,  1,728,000,000  cubic  feet,  or  13,000,tXX),000 
gallons  per  year,  or  36,000,()(X)  gallons  in  twenty- four  hours  (55.70 
cubic  feet  per  second);  evaporation,  8,(X)0,000  to  12,000,000  gallons 
(12.38  to  18.57  cubic  feet  per  second);  run  off,  5,000,000  to  10,000,000 
gallons  (7.74  to  15.47  cubic  feet  per  second);  available  for  ground- 
water circulation,  14,000,000  to  23,000,000  gallons  in  24  hours  (2i. 66 
to  35.59  cubic  feet  i)er  second),  which  amount  must  emerge  along  the 
coast.  It  is  thus  seen  that  a  considerable  amount  of  water  is  avail- 
able, though  it  is  probably  distributed  pretty  evenly  over  the  distance, 
and  its  long  passage  through  the  rocks  has  rendered  it  salty.  The 
fact  that  for  a  whole  year  1,000,000  gallons  (1.55  cubic  feet  per  second) 
has  been  pumped  from  the  cane-field  well  goes  to  prove  that  there 
must  be  a  fair  amount  available  along  the  coa-st. 

A  considerable  amount  of  ground  water  is  available  at  Kawela 
Gulch.  Assuming  a  drainage  area  of  24,000  by  12,000  feet  for  the 
Kawela  property  and  an  average  rainfall  of  5  feet,  for  the  rainfall  is 
decidedly  more  than  over  the  Kaunakakai  drainage  area,  we  obtain 
1,440,000,000  cubic  feet,  or  10,800,0(X),000  gallons  a  year,  or  30,000,000 
gallons  a  day  (46.42  cubic  feet  per  second).  Assuming  6,000,000 
to  10,000,000  gallons  (9.28  to  15.47  cubic  feet  per  second)  evapora- 
tion, 4,000,000  (6.19  cubic  feet  per  second)  run   off,  16,CKX),0U0   to 
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20,000,000  (24.76  to  30.94  cubic  feet  per  second)  remain  for  the  ground 
water  that  may  be  considered  available  near  Kawela  Gulch.  While 
the  total  supply  is  not  much  larger  than  at  Kaunakakai  it  is  more 
concentrated  and  the  water  is  less  saline,  the  normal  flow  averaging 
about  35  grains,  the  flood  water  on  top  sometimes  going  as  low  as 
3  grains. 

These  calculations  of  the  relative  quantities  at  Kaunakakai  and 
Kawela  may  not  quite  express  the  actual  conditions,  for  from  the  geo- 
logic structure  it  seems  very  probable  that  a  large  part  of  the  ground 
water  from  the  headwaters  of  Kaunakakai  Gulch  flnds  its  way  down 
to  Kawela,  thus  considerably  increasing  the  amount  available  there. 

The  ground  water  probably  available  at  Kamalo  may  be  roughly 
estimated  as  follows: 

Assuming  a  drainage  area  of  20,000  by  10,000  feet  and  an  average 
precipitation  of  5  feet,  we  obtain  a  total  of  7,500,000,000  gallons  a 
year  or  21,000,(XX)  gallons  a  day  (32.49  cubic  feet  per  second),  of 
which  the  larger  part,  perhaps  12,000,000  or  15,000,000  (18.57  to  23.21 
cubic  feet  per  second),  should  be  available  at  or  near  the  mouth  of  the 
gulches.  Several  more  favorable  locations  may  be  selected  between 
Kamalo  and  Mapulehu  which  should  aggregate  10,000,000  gallons 
(15.47  cubic  feet  per  second). 

CJonsidering  now  the  high  region  above  with  a  view  to  ascertaining 
how  much  water  may  be  available  for  an  irrigation  system  collecting 
the  run-off  of  the  area  from  the  head  of  Kawela  to  Waihanau,  we  may 
approximately'  calculate  as  follows: 

Total  area  involved,  32,000  by  4,000  feet;  average  rainfall,  approxi- 
mately, 8  feet;  total  amount  of  water,  1,024  cubic  feet  or  7,680,000,000 
gallons  a  year,  equivalent  to  21,300,000  gallons  a  day  (32.96  cubic  feet 
per  second).  The  run-off,  which  is  here  at  least  50  per  cent  of  total 
precipitation,  would  be  10,500,000  gallons  (16.25  cubic  feet  per  second). 

The  drainage  area  of  the  upper  Waihanau  is  10,000  by  2,500  feet, 
over  which  a  rainfall  of  8  feet  may  be  expected.  Total  water,  200,- 
000,000  cubic  feet,  or  1,500,000  gallons  per  annum;  it  is  proposed  to 
collect  the  entire  run-off  of  this;  the  amount  estimated  by  stream 
measurements  is  710,000,000,  which  is  a  little  less  than  half  of  the 
total  precipitation. 

UTILIZATION  OF  THE  WATER  SUPPLY. 

The  principal  problem  on  Mclokai  is  how  to  obtain  water  for  irri- 
gation of  the  14,0(X)  acres  of  deep  soil  situated  in  the  great  gap. 
Another  problem  is  how  to  obtain  water  for  the  irrigation  of  the 
smaller  coast  flats  occurring  at  intervals  from  Palaau  to  Mapulehu. 

According  to  the  ordinary  estimates  of  sugar  planters,  1,000,000 
gallons  per  twenty-four  hours  (1.55  cubic  feet  per  second)  are  needed 
to  irrigate  100  acres  of  sugar  cane.  In  the  opinion  of  many  this  is 
too  much,  but  at  that  rate  14,000  acres  would  necessitate  140,000,000 
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gallons  per  twenty-four  hours  (216.61  cubic  feet  per  second).  Assum- 
ing 1,000  acres  of  coast  flats,  10,000,000  gallons  (15.47  cubic  feet  per 
second)  more  would  be  needed.  It  is  evident  that  such  an  amount  of 
water  is  not  available  on  the  island.  A  certain  amount  of  water  can, 
however,  be  obtained  and  it  is  of  interest  and  imx)ortance  to  attempt 
to  estimate  this  quantity.  Sooner  or  later  the  welfare  of  the  island 
may  demand  that  all  possible  resources  be  made  available.  First  of 
all,  the  running  water  at  high  elevations  must  be  considered.  In  a 
few  places,  as  at  Kamalo,  this  water  is  carried  down  in  steep-grade 
ditches  to  irrigate  fields  at  the  coast.  Tliis  plan  is  probably  imprac- 
ticable in  the  long  run,  for  these  ditches  will  soon  be  washed  out  and 
there  is  great  loss  of  water  by  absorption.  If  this  plan  is  to  be  con- 
sidered, jt  would  be  necessary  to  conduct  the  water  in  iron  pipes,  but 
the  quantity  in  each  place  is  usually  small,  so  that  it  would  also  be 
an  expensive  undertaking  for  the  results  achieved.  Another  plan 
would  be  to  collect  the  water  of  the  upper  region  as  far  east  as 
Kamalo  and  to  carry  it  by  a  series  of  ditches  to  storage  reservoirs 
above  the  cane  lands.  This  would  be  more  feasible  and  such  a  plan 
is  considered  in  the  following  pages.  The  supply  would  entail  small 
expense  for  maintenance.  If  cemented  ditches  were  used  in  places 
the  plant  would  be  put  on  a  permanent  basis,  necessitating  no 
renewal  every  ten  or  fifteen  years,  as  is  the  case  with  flumes.  There 
is  a  further  source  of  supply  in  the  ground  water  along  the  coast. 
This  can  be  collected,  carried  by  flumes  or  cemented  ditches  to  a  x>oint 
near  the  cane  lands,  whence  it  would  have  to  be  raised  400  feet  by 
means  of  a  force  pump.  Few  agricultural  industries  but  sugar  planta- 
tions could  bear  such  a  tax,  but,  as  well  known,  there  are  many  such 
high-power  pumping  plants  in  the  islands,  especially  on  Maui.  The 
expense  would  be  still  further  increased  by  the  necessity  of  many  well 
plants,  for  it  is  certain  that  no  one  place  will  supply  a  very  great  quan- 
tity of  water.  There  is  a  possibility  of  using  electric  jwwer,  which 
may  aid  to  solve  the  problem.  At  any  rate,  I  think  it  certain  that 
the  coast  flats  could  easily  be  irrigated  from  wells,  which  would  not 
necessitate  high  pumping. 

Another  point  to  be  considered  is  the  salinity  of  the  waters.  The 
running  streams  are  very  pure,  but  all  of  the  ground  water  is  more 
or  less  contaminated  by  common  salt  or  sodium  chloride.  There  is 
less  of  this  at  Kawela  and  Kamalo  and  to  the  east,  but  west  of 
Kawela  the  salinity  increases  and  reaches  90  grains  per  gallon  at 
Kaunakakai  and  Palaau.  The  danger  point  in  using  saline  water 
for  sugar  plantations  is  stated  to  be  about  100  grains  per  gallon. 
Above  this  the  waters  become  undesirable  and  their  application  may 
spoil  the  lands,  especially  if  they  are  low  lying. 

UTILIZATION  OF  THE  RUNNING  STREAMS. 

The  amount  of  water  which  yearly  flows  to  the  sea  through  Meyers, 
Kaunakakai,  and  Kawela  gulches  is  not  large,  though  the  torrents  are 
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violent  while  they  last.  To  collect  this  amount  at  sea  level  would  be 
difficult  in  many  respects,  and  this  plan  is  not  to  be  ^commended; 
nor  will  it  be  less  difficult  to  collect  the  water  from  the  streams  while 
running  at  elevations  of  500  to  1,000  feet.  Flumes  would  be  long  and 
exx>onsive,  and  the  long  seasons  during  which  they  must  remain  dry 
would  necessarily  soon  destroy  them. 

The  only  place  to  economically  collect  the  running  water  is  near  the 
summit  region.  Here  the  streams  are  more  constant  and  less  torren- 
tial; here,  also,  is  the  region  of  heaviest  rainfall  and  largest  relative 
drainage  area.  In  their  lower  course  most  of  the  streams  are  in  box 
canyons  which  can  not  collect  a  large  amount  of  water. 

It  may  be  thought  that  flumes  have  been  used  too  extensively  in 
the  scheme  outlined  below,  and  in  some  places  whei'e  the  soil  is  veiy 
light  ditches  may  possibly  be  substituted,  but  the  danger  of  losing 
water  by  leakage  is  great,  though  not  so  great  as  farther  down  the 
slope,  and  in  installing  the  system  tests  and  measurements  should  be 
constantly  made  to  make  sure  that  no  avoidable  losses  take  place. 
During  the  dry  part  of  the  season  most  of  the  streams  will  flow  only 
a  small  amount,  and  a  few  will  dry  up  altogether;  there  will  be 
enough,  however,  to  keep  the  flumes  from  drying  and  shriuking.  It 
is  i)robal)ly  not  desirable  to  go  beyond  Kamalo  Gulch  for  the  purpose 
of  collecting  water  for  the  i-egion  of  the  gap.  Beyond  this  point  the 
summit  region  is  ver}'^  precipitous  and  the  expense  of  construction 
and  maintenance  would  be  very  great. 

The  system  of  collection  is  combined  with  a  system  of  storage  by 
which  part  of  the  waters  of  the  rainy  season  will  be  stored  for  summer 
use.  A  number  of  reservoir  sites  have  been  selected  and  surveyed 
which,  it  is  l>elieved,  will  be  tight  and  satisfactory. 

Refen-ing  to  the  data  given  above  under  '*  Running  streams,"  the 
following  amounts  are  believed  to  be  available  in  the  different  gulches 
at  elevations  given  below: 


Waifaanan 

Waialeia 

Waikoln 

Kahapakai 

Mokamoka 

Lnahine  Fork  . .   . 

Kamiloloa 

Makaknpaia 

West  Fork  Kawela. 
East  Fork  Kawela . . 

Total    


210  days  (Nov.  1-Jnne  1).       00  days  (Juno  1-Ang.  1). 


Gallons  per   '  Cubic  foet 
24  hours.        per  second. 


,250 
300 


250 
200 
200 
275 
425 
200 
,200 


,000 
,000 
,000 
,000 
,000 
,000 
,000 
,000 
,000 
.000 


7, 550, 000 


5. 02 
.46 

1.03 
.39 
.31 
.31 
.43 
.66 
.31 

1.86 


I 


Oallons  in 
24  hours. 


1,000,000 
100,000 
300,000 
150, 000 
100,000 

75,000 
100,000 
150,000 

50,000 
300,000 


11.68  1    2,325,000 


Cubic  feet 
per  second. 


1.55 
.15 
.46 
.23 
.15 
.12 
.15 
.23 
.08 
.46 


3.58 
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This  gives  a  total  for  two  hundred  and  seventy  days  of  1,725,000,000 
gallons  (2;}0,500,000  cubic  feet).  During  the  i-emaining  months  of 
the  year  there  will  be  a  varying  flow  less  than  2,000,000  gallons  (3.09 
cubic  feet  per  second),  which  may  be  considered  to  offset  losses  by 
leakage  and  evaporation.  Assuming  500  acres  to  be  irrigated  with 
5,000,000  gallons  a  day  (7.74  cubic  feet  per  second),  or  1,825,000,000 
gallons  (244,000,000  cubic  feet)  a  year,  which  amount  certainly  is 
ample,  a  storage  capacity  of  about  577,000,000  gallons  (77,000,000 
cubic  feet)  is  required  in  this  case  to  supply  about  480  acres  with  a 
steady  flow  of  4,800,000  gallons  in  twenty-four  hours  (7.43  cubic  feet 
per  second).  During  part  of  the  winter  months  the  full  amount  of 
water  is  not  needed  and  consequently  any  increased  storage  capacity 
will  increase  the  area  which  can  be  irrigated.  The  water  is  to  be 
taken  out  as  follows : 

Waikolu.—EleysLtUm  of  dam  3,600  feet;  4,5()0-foot  flume,  2  by  1^ 
feet;  grade  10  feet  per  mile;  capacity  3,000,0(X)  gallons  (4.64  cubic 
feet  i)er  second);  to  cross  gap  at  head  of  Makakupaia  with  2,IKX> 
feet  of  10-inch  riveted  pii>e,  and  discharge  in  Kamiloloa.  Probably 
too  much  loss  of  watt^r  would  result  by  allowing  water  to  run  down 
into  Makakupaia  Fork. 

Kawda. — Elevation  of  damming  place  3,220  feet;  15,000  feet  of 
flume  to  Makakupaia  Fork;  grade  10  feet  per  mile;  capacity  8,000,000 
gallons  (12.38  cubic  feet  per  second);  size  2  by  3  feet;  to  dump 
water  over  edge  of  canyon  into  Makakupaia  Fork;  crosses  Onini 
Gulch  in  siphon. 

Makakupaia, — Elevation  of  dam  2,650  feet;  17,000  feet  to  Hunter's 
cabin;  grade  10  feet  per  mile,  dumping  water  in  upper  East  Fork  of 
Luahine  Gulch  at  elevation  of  2,600  feet;  capacity  16,000,000  gallons 
(24.76  cubic  feet  per  second);  size  3  by  4  feet;  crossing  tributary 
gulches  of  Kaunakakai  Gulch  in  siphons  and  receiving  tributary 
flume  from  Kamiloloa  and  Waikolu. 

Kamiloloa. — Elevation  of  dam  3,050  feet;  4,500  feet  of  flume,  2  by 
2^  f eet  carrying ;  capacity  5,000,000  gallons  (7. 74  cubic  feet  per  second) ; 
sharp  grade, 

Luahine  Fork. — The  water  from  the  Makakupaia  ditch  is  dumped 
into  East  Fork  of  Luahine.  The  latter  is  dammed  at  an  elevation  of 
2,350  feet;  9,500  feet  of  flume  to  Kahapakai;  size  3  by  4  feet;  grade 
20  feet  per  mile;  capacity  20,000,000  gallons  (30.94  cubic  feet  per  sec- 
ond); crossing  Mokamoka  Fork  and  West  Fork  Luahine  in  siphons, 
receiving  their  flows  in  2  by  1  foot  tributary  flumes;  dumps  at  an 
elevation  of  2,300  feet  in  Kahapakai. 

Waidleia. — Damming  place  at  an  elevation  of  2,760  feet;  4,000-foot 
flume  14  by  12  inches;  10-foot  grade;  dumping  into  Waihanau; 
capacity  1,000,000  gallons  (1.55  cubic  feet  per  second). 

Waihanau. — Damming  place  at  an  elevation  of  2,046 feet;  4,200-foot 
flume,  2i  by  3  feet;  grade  10  feet  per  mile;  capacity  10,000,000  gallons 
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(15.47  cubic  feet  per  second);  400  feet  of  tunnel;  dumping  water  into 
Kahapakai. 

Kohapakai. — Damming  place  at  an  elevation  of  2,000  feet;  3,000- 
foot  flume,  3^  by  4  feet;  capacity  30,000,000  gallons  (46.42  cubic  feet 
X>er  second);  grade  20  feet  per  mile;  dumping  into  reservoir  No.  1  at 
Meyers  Lake. 

From  reservoir  No.  1  there  are  several  ways  by  which  the  water 
ca»  be  conducted  down  to  the  lower  reservoir  sites.  The  simplest 
'would  be  to  let  it  run  down  Meyers  Creek  to  an  elevation  of  1,100  feet, 
-whence  it  could  be  taken  to  the  reservoirs  in  a  ditch.  This  will,  how- 
ever, almost  certainly  cause  large  losses,  which  can  not  be  afforded. 
A  better  plan  would  probably  be  to  let  it  down  to  an  elevation  of  1,600 
feet — that  is,  300  feet  below  the  reservoir — whence  it  can  be  conducted 
by  a  sharp-grade  flume  across  the  gap  below  the  reservoir  and  thence 
to  the  head  of  the  flat  gulch  in  which  the  big  reservoirs  are  located. 
This  gulch,  it  is  believed,  is  fairly  tight;  at  any  rate  it  is  worth  trying. 
Should  the  losses  in  this  gulch  be  too  large  it  will  be  necessary  to  con- 
struct a  series  of  ditches  at  low  grade  connected  with  sharp  drops 
which  will  conduct  the  water  down  to  the  reservoirs.  It  should  be 
mentioned  that  all  parts  of  the  system  are  easily  accessible.  A  wagon 
road  extends  from  Kaunakakai  to  the  gap  at  Kaohu  station  above 
reservoir  No.  1;  another  road  is  built  from  Kaunakakai  to  Waikolu. 
Still  another  can  be  constructed  at  very  slight  cost  from  Kaunakakai 
by  way  of  Makakupaia  station  to  the  headwaters  of  Makakupaia,  and 
to  the  edge  of  the  canyon  above  the  West  Fork  of  Kawela.  In  places 
the  flumes  will  be  difficult  to  build,  but  there  do  not  appear  to  be 
serious  obstacles  in  any  place. 

The  required  storage  capacity,  577,000,000  gallons  (77,000,000  cubic 
feet),  is  to  be  obtained  as  follows: 

The  highest  reservoir  is  known  as  Meyers  Lake,  a  small  natural 
pond  dammed  to  some  extent  by  Mr.  Meyer.  It  consists  of  t\vo  basins 
which  can  readily  be  dammed  to  contain  160,000,000  gallons  (21,000,000 
cubic  feet).  The  elevation  is  about  1,900  feet.  The  site  is  excellent; 
the  ground  is  evidently  very  tight  and  evaporation  slight.  Consider- 
able wave  action  may  be  expected  and  the  main  dam  must  be  rip- 
rapped  and  protected  by  a  break  water  of  logs.  Abundant  and 
excellent  dam  material,  clayey,  decomposed  soil  close  at  hand. 
Large  quantities  may  be  loosened  by  bank  blasting.  Two  different 
schemes  are  proposed;  if  only  the  lower  basin  which  drains  towards 
Meyers  Gulch  is  utilized,  the  capacity  will  be  reduced  to  91,000,000 
gallons  (12,000,000  cubic  feet).  If  both  basins  are  utilized  they  must 
be  connected  bj''  a  drain  or  siphon.  The  upper  basin  drains  toward 
the  north  by  means  of  a  narrow  cut  which  must  be  filled  by  a  dam. 

Dam  No.  2  and  No.  3  are  natural  basins  at  elevations  of  about  900 
to  1,000  feet,  apparently  entirely  tight  and  in  their  present  state 
ready  to  receive  water.    They  are  situated  about  2  miles  west-north- 
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west  of  Meyer's  ranch  on  the  broad  grassy  ridge  soath  of  Eleuweuwe 
Point.  They  must  be  emptied  by  means  of  siphon  pipes  or  drain 
tunnels. 

Most  of  the  gulches  and  creeks  of  the  island  have  a  very  steep 
grade.  Among  the  exceptions  to  this  rule  are  the  three  gulches  dis- 
charging on  the  north  coast  over  the  1,000-foot  pali,  2  or  3  miles  north 
of  Middle  Hill.  The  water  courses  are  from  2  to  4  miles  long  and 
meander  with  relatively  low  grade  through  the  grassj'^  rolling  country 
here  continuing  out  to  the  very  edge  of  the  pali.  Their  valleys  are 
from  about  100  feet  deep  up  to  800  feet  wide;  their  sides,  as  a  rule, 
grassy  and  covered  by  clayey  soil.  Receiving  but  little  precipitation 
they  contain  but  little  water,  even  during  heavy  rains  and  are  thus 
excellently  adapted  for  storage.  Water  can  be  stored  in  all  three  at 
elevation  of  from  800  to  1,000  feet.  The  most  southerly  of  these 
creeks,  flowing  just  south  of  Eleuweuwe  Point,  is  best  adapted  for 
reservoir  sites.  There  is  no  difficulty  in  caiTying  the  stored  water 
out  from  the  reservoirs  and  down  toward  the  cane  lands.  Four 
reservoirs  were  planned  on  this  creek,  though  one  of  these.  No.  5, 
may  be  dispensed  with  as  the  desired  capacity  is  obtained  without  it. 
The  dams  must  be  carefully  constructed  of  the  abundantly  available 
clayey  soil,  and  I  believe  that  the  reservoirs  will  be  found  water-tight. 
They  are  calculated  to  10  feet  on  top  with  a  slope  of  3:1  on  hoth  sides 
The  surveys  for  these  dams  were  made  for  me  by  Mr.  E.  Pope,  at  that 
time  one  of  the  surveyors  of  the  American  Sugar  Company. 

List  of  reservoirs. 


No. 


Capacdty. 


Height 
of  dam. 


1  (MeyersLake) 160.000,000 

2 .: 62,000,000 

3 _ 73,000,000 

4 '  117,000,000 

5 138,000,000 

6 189,000,000 

7 100,000,000 

Total _. 889,000,000 


Cubic  feet. 
21,389,000 
8,288,000 
9,758,500 
15, 640, 500 
18,448,000 
25,266,000 
13, 368, 000 


112, 158, 000 


F^t. 
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a  Natural  basin. 

From  the  reservoirs  at  an  elevation  of  800  feet  the  water  is  easily 
conducted  by  ditches  and  drops  in  shallow  ravines  to  an  elevation  of 
450  feet,  the  height  of  the  gap,  whence  it  can  be  applied  to  any  part 
of  the  cane  lands  desired.  The  distance  from  the  i-eservoirs  to  the 
cane  lands  is  from  2  to  4  miles.  It  is  easily  understood  that  it  is 
not  necessary  to  construct  this  whole  system  outlined  above  at  once. 
The  Waihanau,  Waialeia,  Eahapahai  may  be  first  utilized  together 
with  reservoirs  No.  1  and  No.  2  or  No.  7.  The  results  of  this  system, 
which  will  irrigate  at  least  175  acres,  will  indicate  the  success  to  be 
expected  from  the  installation  of  the  whole  system. 
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In  conclusion  it  may  be  estimated  that  collecting  and  storing  the 
running  streams  as  outlined  above  will  cost  about  $120,000  and  the 
water  collected  amounts  to  a  steady  supply  of  nearly  5,000,000  gallons 
a  day  (7.74  cubic  feet  per  second)  during  the  whole  year.  The 
utilization  of  this  water  will  interfere  but  little  with  the  supply  to  be 
expected  from  pumps  at  sea  level. 

If  it  were  found  practicable  to  use  the  lands  for  cultivation  of  fruit 
trees  and  vines,  this  quantity  of  water — 5,000,000  gallons  in  twenty- 
four  hours  (7.74  cubic  feet  per  second) — would  easily  be  sufficient  to 
irrigate  1,000  acres.  In  view  of  the  strong  winds  prevalent  over  the 
area  containing  good  soil  such  culture  may,  however,  be  difficult. 
Experiments  in  this  direction  would  be  desirable. 

In  order  to  develop  the  water  supply  by  catching  some  of  the  under- 
ground flow  which  otherwise  would  come  out  at  elevations  lower  than 
the  point  of  collection,  tunnels  might  be  driven  at  Waihauau, 
Waialeia,  and  Waikolu  into  the  hill  perpendicularly  to  the  direction 
of  the  drainage,  just  above  the  damming  place  and  in  both  directions 
from  the  creek;  it  is  rather  probable  that  notable  amounts  will  thus 
be  collected  by  comparatively  short  tunnels,  say  100  or  200  feet  in 
length. 

Similar  tunnels  at  the  places  where  Kawela  and  Makakupaia  forks 
are  caught  are  not  advisable. 

Wailau  and  Pelekunu. — Referring  to  previous  pages,  it  is  estimated 
thatWailau  has  a  minimum  flow  of  8,000,000  gallons  (12.38  cubic  feet 
per  secon^)  and  Pelekunu  of  7,000,000  gallons  (10.83  cubic  feet  per 
second),  both  at  an  elevation  of  600  feet;  but  measurements  during 
the  driest  time  of  the  year  are  necessary  to  confirm  these  figures. 
Only  the  minimum  supply  can  be  considered,  for  the  high-level  irriga- 
tion system  proposed  above  has  exhausted  the  greater  part  of  storage 
capacity  available. 

The  utilization  of  the  water  supply  of  these  streams  involves  (1)  a 
high-level  ditch  reaching  the  cane  lands  at  an  elevation  of  450  feet 
and  (2)  long  tunnels  to  bring  the  water  to  the  south  side  of  the  island, 
the  northern  coast  being  entirely  impracticable.  Both  ditch  and 
tunnel  will  be  very  expensive. 

There  are  two  po«»sibilities:  (1)  Utilization  of  Wailau  alone;  (2) 
utilization  of  Pelekunu  and  Wailau. 

By  the  utilization  of  Wailau  alone  8,000,000  gallons  (12.38  cubic  feet 
per  second)  of  water  will  be  obtained,  and  to  this  must  be  added  water 
which  will  be  found  in  the  tunnel.  The  latter  quantity  is  ver^-  doubt- 
ful, but  will  probably  amount  to  several  million  gallons.  The  tunnel 
will  tap  Wailau,  West  Fork,  at  an  elevation  of  670  feet.  The  water 
from  the  East  Fork  will  be  added  by  ditch  across  gap  south  of  Puu  o 
Wailau.  Length  of  tunnel  to  point  in  the  canyon  li  miles  above  Dr. 
Morritz's  house  at  Mapulehu  (elevation  660  feet),  12,800  feet.  From 
Mapalehu  to  the  cane  fields  there  will  be  17  miles  of  conduit  and  fiume, 
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with  many  niphons,  the  latter  causing  considerable  loss  of  grade.  Ele- 
vation of  flume  at  cane  fields,  450  feet.  The  ex|)ense  of  this  undertak- 
ing would  probably  exceed  $400,000.  But  it  should  be  remembered  that 
there  are  many  things  which  may  cause  increased  expense.  Among 
these  are  the  possibility  that  the  tunnel  may  partly  or  wholly  need 
cementing  in  order  to  become  tight.  Further,  that  loose  strata  may  be 
met,  which  may  largely  increase  the  expense.  Further,  the  diflBculty 
of  working  the  tunnel  from  both  ends  on  account  of  descending  grade 
and  large  quantity  of  water  probably  met  with.  Lastly,  the  difficulty 
of  landing  coal  and  machinery  at  Wailau.  Time  needed,  if  only 
worked  from  one  end,  three  years. 

By  the  utilization  of  Pelekunu  and  Wailau  14,000,000  gallons  (21.66 
cubit  feet  per  second)  should  be  secured,  besides  the  large  flow  which 
will  almost  certainly  be  met  in  the  tunnels.  Ditches  and  flumes  must 
be  correspondingly  enlarged,  and  a  tunnel  14,500  feet  long  driven 
from  Pelekunu  to  convey  the  water  after  it  is  collected  from  the 
different  branches.     The  expense  would  be  at  least  $800,000. 

By  tunneling  the  range  from  Kawela  to  Pelekunu  the  long  and  diffi- 
cult conduit  from  Mapulehu  to  Kawela  would  be  avoided  and  there 
would  be  also  considerable  saving  of  grade.  The  tunnel  from  Wailau 
(elevation  650  feet)  to  Pelekunu  (elevation  635  feet)  would  be  15,000 
feet  long,  while  the  tunnel  from  Pelekunu  (elevation  635  feet)  to 
Kawela  (elevation  610  feet)  would  be  26,500  feet.  All  of  the  previ- 
ously stated  objections  apply  with  still  greater  force.  The  enterprise 
would  consume  several  years  and  require  at  least  $1,200,000. 

In  conclusion,  I  consider  it  feasible  to  bring  the  water  from  Wailau 
and  Pelekunu  to  the  cane  fields,  but  do  not  believe  that  the  enterprise 
would  be  a  paying  investment. 

UTILIZATION  OF  THE  GROUND   WATER. 

This  plan  contemplates  the  pumping  of  water  from  shallow  wells  at 
suitable  places  along  the  coast  up  to  a  low  flume,  say  50  to  75  feet 
above  sea  level,  and  the  further  raising  of  it  up  to  a  level  of  300  to  500 
feet  by  means  of  reciprocating  pumps.  Considering  the  conditions 
fully  outlined  above,  it  is  clear  that  a  large  volume  of  water,  say 
30,000,000  gallons  (46.42  cubic  feet  per  second),  is  not  obtainable  in  any 
one  place.  The  only  way  is  to  utilize  all  the  resources  as  far  as  possible 
and  to  collect  the  water  wherever  found.  It  is  true  that  this  may  be 
somewhat  more  expensive  than  if  the  water  were  found  in  one  place, 
but  it  is  the  only  plan  possible,  except  if  the  supply  from  Wailau  and 
Pelekunu  be  used. 

When  the  ground  water  is  concentrated  about  sea  level,  trenches, 
pits,  or  tunnels  may  offer  the  best  means  of  collecting  the  same,  the 
trenches  and  tunnels  as  a  matter  of  course  being  extended  parallel  to 
the  shore.  Even  in  this  case  difficulties  may  occur,  for  the  heavy 
pumping  necessary  to  prosecute  the  work  is  apt  to  bring  in  sea  water, 
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and  leaks  may  be  found  which  will  admit  large  quantities  of  the 
same.  If  the  water  is  more  evenly  distributed  through  the  strata 
down  to  30  or  40  feet  below  sea  level,  or  if  the  bulk  of  it  is  found 
at  the  latter  depth,  sinking  and  tunneling  become  impracticable, 
for  if  it  is  attempted  to  keep  the  workings  dry,  the  sea  water,  being 
under  heavy  pressure,  is  almost  sure  to  find  its  way  in.  In  such 
case  groups  of  14-inch  bore  holes  should  be  used,  and  even  when  the 
water  occurs  at  sea  level  they  may  become  preferable.  In  these 
porous  rocks  the  capacity  of  a  single  bore  hole  maj'  be*  comparatively 
great  and  amount  up  to  1,0(X),000  gallons  in  twenty-four  hours. 
There  is  great  temptation  to  overdraw  the  capacity  of  wells,  and  this 
has  been  done  both  at  Kaunakakai  and  at  Kawela.  Just  as  soon  as 
a  steady  increase  in  salinity  is  noted  the  quantity  drawn  must  be 
decreased.  In  these  rocks  one  well  has  a  large  suction  area.  If  one 
well  will  give  1,000,000  gallons  (1.55  cubit  feet  per  second),  20  wells 
surrounding  it,  say  at  the  cornera  of  each  40  feet  sqiiare,  will  proba- 
bly give  at  most  3,000,000  to  4,000,000  gallons  (4.64  to  6.19  cubic  feet 
per  second).  While  many  of  these  conditions  seem  discouraging,  it 
should  be  borne  in  mind  that  one  single  well,  that  at  Kaunakakai, 
has  for  over  one  year  furnished  a  steady  flow  of  water  with  a  salinity 
of  85-90  grains  per  gallon,  and  that  many  similar  places  can  doubt- 
less be  found  along  the  coast. 

At  Palaau. — ^According  to  the  data  given  above  (wells  and  springs) 
there  is  probably  a  considerable  amount  of  ground  water  available  at 
Palaau  at  a  depth  of  about  80  feet — how  much  is  difficult  to  say; 
there  is  at  least  1,000,000  gallons,  possibly  as  much  as  3,000,000.  The 
wells  bored  have  not  been  adequately  tested,  and  this  should  first  of 
all  be  done  with  the  well  and  shaft  near  the  deep  well.  If  this  will 
yield  a  steady  stream  for  about  a  month  or  two  of  from  750,000  to 
1,000,000  gallons  (1.16  to  1.55  cubic  feet  per  second)  in  dry  season,  I 
recommend  that  two  or  three  more  wells  be  sunk  parallel  to  the 
coast,  about  40  feet  apart.  If  it  should  be  found  that  these  would 
yield  2,000,000  or  2,500,000  gallons  (3.09  to  3.87  cubic  feet  per  second) 
of  water  containing  less  than  100  grains  of  salt  per  gallon,  this  should 
be  utilized  to  irrigate  the  bottom  lands  at  Palaau,  as  well  as  part  of 
the  slopes  above,  which,  though  rocky,  can  be  cleared  and  planted. 
About  1  mile  of  small  flume  will  be  needed.  If  the  water  is  elevated* 
to  100  feet  by  a  reciprocating  pump  driven  by  electricity,  it  would 
require  44  horsepower,  or  52  horsepower  delivered  at  the  motor.  The 
salinity  would  be  high — i.  e.,  about  90  grains  per  gallon — and  this  may 
in  the  long  run  interfere  with  its  use  on  the  lowlands. 

Cocoanut  grove  irells, — The  60>foot  well  at  this  place  should  be 
tested,  which  has  not  been  done  up  to  date.  Should  it  be  found  that 
this  well,  with  or  without  adjacent  pit,  will  furnish  1,000,000  gallons  per 
twenty-four  hours  (1.55  cubic  feet  per  second)  of  salinity  of  100  grains, 
this  water  may  be  used  to  irrigate  the  bottom  lands  adjacent,  amount- 
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iii^j:  to  !'>•  acre8,  U-^.^  water  l»ein^  ne^deil  uo  these  low-lTiiiir  buids 
than  un  the  higher  gn^and.  This  woaki  reqnire  8  theoretical  horse- 
power, or  In  delivered  at  the  motor  if  electric  power  be  used.  Should 
the  water  prove  too  salt,  water  from  E[aonakakai  must  be  used. 

KnuwtkfihiL — One  well  at  Kaanakakai  is  dearly  proved  to  be  able 
to  tleliver  a  steady  stream  of  l,««»i,OOC»  gallons  per  twenty-four  hours 
(1.5.5  cubic  feet  per  second).  It  is  probable  that  f,CiOC),LiCnj  gallons  ('o.**"^ 
cubic  feet  per  second )  more  may  be  obtained  from  shallow  wells  to 
sea  level  between  this  well  and  the  so-called  Risiion  wells*  1  mile  east- 
wanl. 

Rt.sfhm  treUs. — ^These  20  wells  have  never  been  adequately  tested, 
and  their  capacity  is  in  doubt.  Such  incomplete  tests  as  have  been 
ma<ie  are  encourai^n^,  and  the  conditions  seem  to  indicate  that  they 
nuiy  furnish  2j ■■»,<>■'  gallons  of  water  (3.C»9  cubic  feet  per  second)  at 
N '  grai  ns  of  salinity.  The  water  is  contained  in  a  well-defined  stratum 
of  ponjus  rock  from  i*  feet  to  W  feet  below  sea  level. 

Kc^rela. — Between  Risdon  station  and  the  west  bonntlary  of  KaweU 
the  ground  water  does  not  appear  along  the  coast  in  notable  quanti- 
tit^  and  the  pn»speet  of  obtaining  water  from  wells  is  not  encour- 
aging. But  oue-fourth  of  a  mile  east  of  Onini  station  very  large 
springs  appear  on  the  beach,  and  I  believe  that  there  is  2, 0(X>. 000  gal- 
ions  (3.<X<  cubic  feet  per  second)  of  ground  water  available  at  this 
place.  The  wells  should  be  sunk  at  the  foot  of  the  bluff,  just  east  of 
the  nx-k  point  which  extends  to  the  sea.  Preliminary  exploration 
by  means  of  pits  or  shafts  would  be  necessary  to  decide  at  what  level 
the  water  will  be  found:  possibly  most  of  it  is  held  above  sea  leveL 
but  this  is  a  point  which  can  not  be  decided  at  present. 

On  the  west  side  of  Kawela  Gulch  for  a  distance  of  2,000  feet  from 
the  creek  a  considerable  amount  of  water  is  probably  available.  1 
think  3,«  •■»,<><>  gallons  (4.64  cubic  feel  per  second)  can  be  secured 
here,  but  whether  at  sea  level  or  30  or  40  feet  below  it  is  impossible  to 
say  at  present. 

The  flood  plain  of  Kawela  Gulch  at  present  contains  much  water 
in  its  gravelly  bed,  but  this  amount  will  probably  be  notably  dimin- 
ished by  the  diversion  of  its  headwaters  into  the  irrigation  system  as 
proposed  above.  Nearly  all  of  the  recent  well  boring  and  pumping 
has  been  done  on  the  east  side  of  Kawela  Gidch.  The  total  quantity 
of  water  provetl  seems  to  be  4,500,000  gallons  (6.96  cubic  feet  per 
second).  Of  this,  2j>v»j>ii»  g^illons  (3.09  cubic  feet  per  second)  of  40 
gnu  ns  saliuity  have  l>een  shown  to  be  available  at  wells  Xos.  1,  -, 
and  3;  ^,5*>»j»i>  *:allons  (3.S7  cubic  feet  per  second)  of  60  grains 
salinity  may  l»e  considered  proved  at  well  No.  4,  with  its  pit  and  tun- 
nels, if  the  flow  of  salt  water  is  shut  off,  which  probably  can  be  done 
by  fllling  the  salty  bore  hole  with  cement  and  constructing  a  cement 
wall  around  the  leak  in  the  southeast  comer  of  the  pit  (see  p.  44). 
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Tunneling  at  about  4  feet  below  water  level  has  pi-oveil  a  difttcult 
undertaking,  and  will  bec*oine  more  so  in  the  looser  gravelly  material 
which  will  be  encountered  near  wells  Noa.  6,  7,  and  8,  It  would  prob- 
ably be  better  to  run  an  open  cut  6  feet  wide  in  the  bottom  and  4  feet 
below  water  level  in  a  line  of  about  15  feet  south  of  the  wells,  thus 
collecting  all  of  the  ground  water  available  at  sea  level  into  one  cen- 
tral station,  whence  the  water  could  be  pumped.  Hut  to  this  must  be 
added  such  amounts  of  the  ground  water  as  is  stored  in  lower  strata, 
as,  for  instance,  55  feet  below  the  surface  at  well  No.  3.  This  deeiHM* 
water  may  be  secured  by  connecting  the  bore  holes  with  the  main  cut 
at  its  level — i.  e.,  4  feet  below  th6  sea  level — but  each  bore  hole  must 
first  be  very  carefully  tested  as  to  capacity  and  lowering  of  water  level. 
If  necessary,  the  open  cut  must  be  extended  west  of  well  No.  1,  and 
a  tunnel  run  through  the  bluff  of  well  No.  9.  It  is  almost  impossible 
to  outline  a  plan  which  in  its  details  can  be  strictly  adhered  to,  for  the 
conditions  change  almost  from  day  to  day  and  the  work  requires  the 
personal  supervision  of  a  very  skilled  and  experienced  engineer.  In 
conclusion,  it  is  believed  that  10,000,000  gallons  (15.47  cubic  feet  per 
second)  may  be  expected  at  Kawela,  east  of  the  creek,  and  3,()00,(KK) 
gallons  (4.64  cubic  feet  per  second)  west  of  the  same.  At  Kamalo  a 
quantity  of  water  almost  equal  to  that  at  Kawela  may  be  expected, 
and  a  few  million  g'allons  may  doubtless  l)e  obtained  at  int^^rvals 
between  Kamalo  and  Mapulehu. 

To  collect  these  waters  will  doubtless  prove  an  expensive  undertak- 
ing, owing  to  the  many  small  pumping  stations.  Should  it  be  desired 
to  pump  a  smaller  quantity  for  purposes  of  irrigation  along  the  coast, 
some  of  the  small  streams  at  high  elevations  could  be  used  to  gener- 
ate electric  power  to  drive  the  pumps  below. 

Recap Uulat ion. — While  the  estimate  of  watera  available  below  the 
surface  is  necessarily  veiy  uncertain  and  diflBcult,  I  should  place  the 
probable  amounts  as  follows : 


Probable  amount  of  water  available. 


Palaan 

Cocoannt  grove  weUa 

Kamiakakai 

Risdon  wells 

Onini  Station 

Kawela  (west) 

Kawela  (east) 

High-level  irngation  system 


8      • 

4.64 

1.5  ' 

2.82 

H 

4.54 

2 

8.(H* 

2 

HJM 

8 

4.54 

10 

try.  47 

4.8 

7.48 

Total 29.8  45.82 
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ELECTRIC  POWER  AVAILABLE. 

As  sta-trcd  before,  the  irrigation  system  from  the  running  streams 
outlined  above  shouUl  furnish  at  an  elevation  of  800  feet  a  steady  sup- 
ply of  4,800,000  gallons  a  day  (7.43  cubic  feet  per  second),  or  3,333 
gallons  a  minute.  If  the  water  is  applied  below  425  feet  on  the 
south  slope  of  the  gap,  375  feet  of  fall  will  be  available,  giving  a  the- 
oretical horsepower  of  314,  which  if  converted  into  electrical  power  by 
means  of  Pelton  wheel  and  dynamo  and  transmitted  with  high  poten- 
tial to  Kawela  should  be  sufficient  to  raise  13,000,000  gallons  66  feel; 
length  of  pressure  pipe,  15,000  feet;  length  of  transmission  to  Kawela, 
10  miles.  The  greatest  item  of  cost  is  the  pressure  pipe,  which  should 
be  14  inches  in  diameter,  riveted,  and  of  wrought  iron,  and  which 
would  not  cost  less  than  $50,000.  The  transmission  would  offer  no 
difficulties,  nor  would  the  loss  in  transmission  with  high  voltage  be 
large.  The  great  cost  of  pressure  pipe  diminishes  the  value  of  this 
proposition.  More  electric  power  could  be  obtained  by  utilizing  the 
upper  reservoir,  which  has  a  capacity  of  160,000,000  gallons  (247.56 
cubic  feet  per  second).  Quantity  of  water  available,  1,000,000  gallons 
per  twenty-four  lioura  (1.55  cubic  feet  per  second),  or  700  gallons  per 
minute;  fall  available,  700  feet;  total  theoretical  horsepower  av^ail- 
able,  123;  horsepower  available  at  pumps  5  to  10  miles  dist.ant,  75. 
Pressure  pipe  from  reservoir  to  power  station  in  Meyers  Gulch,  at 
elevation  of  1,100  feet,  would  be  10,000  feet  long;  diameter  of  8  inches 
should  be  sufficient.  Here,  again,  the  pressure  pipe  forms  the  prin- 
cipal item  of  cost,  being  not  less  than  $15,000. 

This  proposition  is  more  favorable,  but  still  very  expensive  in  com- 
parison with  the  advantages  obtained.  On  the  whole,  it  seems  more 
advisable  to  depend  upon  steam  for  motive  power. 

Electric  'power  from  Pdekunu^  Wailau,  (uid  HaloLwa. — According 
to  a  preliminary  report  by  Mr.  M.  M.  O'Shaughnessy,  dated  December 
5,  1809,  the  following  approximate  power  could  be  generated  by  util- 
izing these  streams: 


stream. 

Normal  flow 

(snillons  per 

24  hours). 

5, 000, 000 

10, 000, 000 

5,000,000 

3, 850, 000 

Cubic  feet 
per  second. 

Fall  avail- 
able for 
power 

Horsepow- 
er (theo- 
retical). 

Halawa _ _ 

7.74 

15.47 

7.74 

5.96 

800 
400 
200 

363 

Wailau  _ . .   . . . 

PelekunTi _ 

701 
210 

Waikolii 
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